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INTRODUCTION 


This is the fifth of a series of publications that describe methods and 

practices followed in mining coal Sees teeny 

L} Toenges, Albert L., and Anderson, Robert L., Multiple-Shift Mechanical 
Mining in Some Bituminous-Coal Mines. Progress Report 1: Bureau of 
Mines Inf. Circ. 7014, 1938, 56 pp. 

- Toenges, Albert L., and Jones, Frank A., Multiple-Shift Mechanical Mining 
in Some Bituminous-Coal Mines. Progress Report 2: Bureau of Mines Inf. 
Circ. 7067, 1939, 58 pp. 

Toenges, Albert L., and Maize, Earl R., Multiple-Shift Mechanical Mining 
in Some Bituminous-Coal Mines. Progress Report 3: Bureau of Mines Inf. 
Circ. 7178, 1941, 43 pp. 

Toenges, Albert L., Maize, Earl R., and Jones, Frank A., Multiple-Shift 
Mechanical Mining in Some Bituminous-Coal Mines. Progress Report h: 
Extraction of Pillars with Mechanized Equipment: Bureau of Mines Inf. 
Circ. 7223, 1942, 59 pp. 


3180 =o. = 


Google 


Tae Os foe, 


Many inguiries have been received regarding multiple-shift mechanical 
mining and the extraction of pillars with mechanized equipment. This paper 
is concerned primarily with the extraction of pillars and the mining problems 
incident to this phase of coal mining. 


CONCLUSIONS 


The curves and conclusions contained in this report are based upon de- 
tailed studies of mining operations at 55 coal mines in all of the important 
coal fields in the United States. Some conclusions have been reached in con- 
paring operations at mines where pillars are extracted and at mines where they 
are not extracted. 


Briefly summarized, the conclusions reached follow: The most difficult 
problem encountered in pillar extraction is effective control of the immediate 
roof and the entire overlying strata. It is concluded that the speed and reg- 
ularity with which pillars are extracted are influential in obtaining regular 
breaks in overlying strata along established pillar lines. 


A comparison of operating data from mines practicing pillar extraction 
and from mines where pillars are not extracted shows that 6 to 10 percent less 
coal is produced per mobile loading machine in pillar mining. Similarly, 
labor employed underground at mines using mobile loading machines in pillar 
extraction averages 0.22 to 0.25 man-hours per ton more than in mines where 
pillars are not recovered. 


The practice of extracting pillars increases the percentage recovery of 
coal, and the tendency in mechanized mining is to more nearly recover the en- 
tire thickness of the coal bed. It is the objective of these studies to dis- 
seminate detailed data relative to the extraction of pillars with mechanized 
equipment in the hope that more mines will be encouraged to adopt this prac- 
tice, with the result that the over-all percentage of recovery will improve. 


Curves showing the relation of man-hours per ton for mobile loading ma- 
chines and conveyors to thickness of coal bed mined where pillars are and are 
not extracted, and curves showing average production per hour of mobile load- 
ing devices and conveyors for coal beds ranging in thickness from 20 to 120 
inches are at the end of this text following Description of Mines. 
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Figure 2. - Mining method at mine 46. 
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DESCRIPTION OF MINES 


Mining operations at mines 46 to 55 are described in this report. Oper- 
ations at mines 1 to 45 are described in Progress Reports 1 to 4, inclusive. 
The data used in preparing the curves included at the end of this report are 
given in the Summary of Performance for each mine described in this and pre- 


vious reports. 


Mine 6 


Mine 46, situated in western Pennsylvania, is opened by three shafts. A 
two-compartment, main hoisting shaft 511 feet deep is used for hoisting the 
coal mined and also is an intake airway. A second shaft, approximately 200 
feet from the hoisting shaft, is divided into two compartments - an intake 
and a return airway. Men and materials are hoisted in the intake compartment, 
and the other compartment is the main return air shaft for the mine. The ven- 
tilating fan is operated exhausting and furnishes 179,000 cubic feet of air 
per minute at a 3-inch water gage. A third intake air shaft and escapeway is 
about 1-1/2 miles northeast of the main hoisting shaft. 


The coal bed is the thick Freeport, which averages 100 inches in thick- 
ness in this area and contains three partings. (See fig. 1.) ‘Two shale part- 
ings, each less than an inch thick, near the bottom of the bed are mined with 
the coal. The middle parting of bone coal is about 15 inches thick and is 
mined separately. The coal bed is overlain by hard shale and sandstone and is 
underlain by hard fire clay. Rolls that reduce the coal bed to unminable 
thickness sometimes are found in the mine. 


An average of 3,000 tons of coal is produced daily in three shifts. 
Mining Method 


This mine, which was opened in 1917, was developed originally by the roan- 
and-pillar system, and hand loading was practiced. Several years ago, opera- 
tions were mechanized completely and a block-panel system of mining was intro- 
duced and now is followed. The blocks are extracted on retreat from the panels. 
(See fig. 2.) When hand loading was practiced, 12 inches of roof coal and the 
coal below the upper shale parting near the bottom of the bed was not mined. 
(See fig. 1.) The bone coal in the center of the bed was mined separately and 
gobbed in the mine. Now the entire thickness of the bed, including the bone 


coal, is mined. 


The mine is developed by multiple main and butt entries 12 or 13 feet 
wide, and the area to be mined is divided into panels 640 feet by 3,000 feet. 
(See fig. 2.) Butt entries are turned 90 degrees from the main entries and 
advanced approximately 3,000 feet to the end of the panel. Three headings (6, 
7, and 8, fig. 2) are driven through a 200-foot barrier pillar that is left to 
protect the main entries, and a fourth heading (5, fig. 2) is developed to 
furnish additional working places for the operating unit. These headings are 
driven on 80-foot centers, with right-angle crosscuts every 100 feet. The 
crosscuts between entries 7 and 8, which are haulage and airways, are offset 
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50 feet from the crosscuts between the other entries in the panel to minimize 
roof falls, common at the intersection of entries, and make it possible to 
lay track turnouts right and left of haulage. (See fig. 2.) Crosscuts in 
succeeding panels are driven in line with the crosscuts between entries 7 and 
8 of the preceding panel. Headings 5, 6, 7, and 8 are advanced to the end of 
the panel, where two crosscuts on 50-foot centers are driven to connect with 
entry 8 of the preceding panel. The inby crosscut is used as an airway to 
ventilate gob areas, and the chain pillar between the crosscuts is not mined. 
The remainder of the panel is developed by driving butt entries 1, 2, 3, 4, 
and the connecting crosscuts. The unmined coal in a campletely developed 
panel is divided into blocks or pillars 67 by 87 feet. 


Extraction of blocks begins at the inby pillar between headings 7 and 8 
of the preceding panel. Two operating units are employed in each panel for 
both development and pillar extraction. The equipment in each operating unit 
comprises one electric coal drill, one cutting machine, one crawler-mounted 
mobile loading machine, and one shuttle car or one cable-reel gathering loco- 
motive. The life of a panel is approximately 3 years, and each panel produces 
about 440,000 tons of coal. 


Post-mounted electric auger drills are used to drill the coal in all 
working places. Both rubber-tired and track-mounted cutting machines center- 
cut the coal, which is blasted with permissible explosives detonated elec- 
trically. Crawler-mounted loading machines load the coal into shuttle cars 
for delivery to mine car-loading stations and also load directly into mine 
cars. Fifty-four percent of production originates in a section using shuttle 
cars for gathering, and 46 percent in another section where cable-reel gather- 
ing locomotives are used. Two sizes of shuttle cars are used, 6- and 8-ton, 
and the average capacity of mine cars is 3.3 tons. Coal is transported in 
trips by trolley locomotives to the shaft bottom, where the cars are hoisted 
to the surface on self-dumping cages and the coal is discharged into bins at 
the preparation plant. 


Pillar Extraction 


At the time of this study, 50 percent of the coal was produced by re- 
treat mining, and an average of 48 percent of the unit shifts were engaged in 
pillar extraction. However, 73 percent of the total reserve of coal ina 
panel is recovered from pillars and 27 percent from entries and crosscuts. 


Each panel contains 216 pillars, which are extracted on retreat from the 
panel. (See fig. 2.) Eight rows of pillars between entry 7, panel A, and 
entry 7, panel B, are extracted by mining successive cuts from pillars A to dH, 
inclusive. The pillar between entries 7 and 8, panel B, is left in place to 
protect entry 8, which is a return air course for panel C. These eight rows 
of pillars are mined by two operating units. One unit operates in blocks A, 
B, C, and D, and the other unit in blocks E, F, G, and H. (See fig. 2, 
panel B.) 


Each unit mines an average of 2-1/2 cuts in each of four working places 
in three shifts. This is an average of 3-1/2 cuts per shift and 6-2/3 cuts 
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Figure 3. - Timing schedule for loading unit at mine 46. 


Deg: Cre [Oey 


per shift for the two units in the section. Each block contains 28 cuts. 
Therefore, 2 units mine 8 pillars (A to H, fig. 2) in 33 or 34 shifts. Cuts 
in the blocks are scheduled to maintain a uniform pillar line 45 degrees to 
the butt entries. A typical cutting schedule is shown in figure 3. The coal 
in a block is recovered in six lifts. Alternate lifts, each 22 feet wide, 
are made on the two gob sides of the block. The first lift is taken across 
the width of the pillar parallel to the main cleat of the roof rock which 
breaks readily. Thus, the weight of the roof is prevented from carrying over 
to the unmined coal in the pillar.. 


Crossbars are set on 4-1/2-foot centers in the working places, and props 
with cap pieces are placed along the gob side of the lift as needed. Upon 
completion of the lift, the crossbars and some of the props are pulled. Usu- 
ally, the overhanging rock falls shortly after the timber supports have been 
removed. Occasionally, when the last cut of the lift has Been made, the 
weight of the roof is great enough to break the props and shear the rock 
along the edge of the coal pillar. When the weight of the roof becomes too 
great before the lift is completed, additional props are set, but occasion- 
ally the fall occurs before the lift is completed. This is a common occur- 
rence where the pillar line cannot be maintained owing to the necessity of 
leaving protective barriers around gas wells or in other areas where complete 
extraction is not possible because of irregularities in the coal bed. The 
coal that remains in a lift closed by a premature fall is usually recovered 
if two or more cuts remain in the lift. Sometimes the roof rock fractures 
beyond the edze of the coal pillar and over the entry or crosscut, and a 
small triangular pillar of coal is left at the corner of the first cut in the 
lift to support the roof. This triangular pillar is drilled at the time the 
first cut is made and is blasted after the lift has been completed. The over- 
all percentage of recovery in panels is 90 to 95 percent. A typical cycle of 
operation follows: 


1. Drill, timber, and lay track (where track-mounted equipment 
is used). 

2. Cut. 

3. Load cuttings. 

4. Rock dust. 

5. Blast. 

6. Load coal. 


1. Drill, timber, and lay track. - In the trackless section of the mine, 
two men drill and timber. A third man is added to the crew to lay track in 
the track-mounted section of the mine. Four holes are drilled in the coal 
near the roof and four in the bottom of the bed near the floor. Each cut in 
a pillar section usually requires one 15-foot crossbar. One leg is placed 
under the end of the crossbar next to the pillar, and two legs are used to 
support the inby end of the crossbar next to the gob. In addition to these 
crossbars, two props are set under one cap piece inby the crossbars next to 
the gob. Sets of props and the cap pieces are parallel to the working face 
and are 4 feet apart. Stub rails set in holes drilled in the ribs support 
the crossbars in shuttle-car haulageways and in main haulage roads. 
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2. Cut. - Cutting machines that are either the universal or slabbing 
type are equipped with 10-foot cutter bars and cut in the bone coal in the 
middle of the bed. Two cuts, one in the top of the parting and the other in 
the bottom of the parting, are made. The cuttings are removed from the kerf 
by reversing the direction of the chain. Cutter bars are sprayed with water 
during operation of the machine. 


3. Load cuttings. - Approximately 10 tons of cuttings are produced fron 
a 22-foot open end cut. Crawler-mounted loading machines load these cuttings 
into either shuttle cars or mine cars. Formerly the cuttings are gobbed in 
the mine, but now this bone coal is loaded and sent to the cleaning plant. 


4. Rock dust. - The shotfirer scatters rock dust by hand in each work- 
ing place before the coal is blasted. 


5. Charge hole and blast. - Each of the four holes in the top bench is 
loaded with one stick of permissible explosive and the bottom holes with three 
sticks. Sometimes an extra stick of explosive is needed in each of the bottm 
holes. The bottom bench is blasted first, and the firing order begins with 
the hole nearest the open side and proceeds toward the solid coal. The top 
holes are fired in the same order. 


6. Load coal. - Crawler-mounted loading machines load the coal into 
shuttle cars in one section of the mine and directly into mine cars in the 
other section. Water is sprayed on the coal as it is discharged from shuttle 
cars into mine cars. A cut in a lift produces about 50 tons of coal. Unit 
crews for each operation follow: 


Trackless section Track-mounted section 
Retreat 
1 


d 
1 


1/ 1/2 


li/e 


thik: 


DYLLICYS  piwsee-0.0 00 wee s-0 
Timbermen .ccoccccccccecser 
TEPEACKMGN « 4:0) ere.0-0:6 8.0 60600. ace 
CULCECGIS: sis swe S70 0s WSs 
Assistant cutterS .icccecce 
Loading-machine operators. 
ShotfirerS wwcccccccvveses 


Shuttle-car operators wc. 


Motormen .cccccccccccccces 1 
BYakemen: «< 6626 sie 6 65.6004. 6008 1 
FOPOMen ceescccccccesevcece 4/3 /2 


Total .sseescccreeeeeeee | (-tfe | 7 T/T : 


1/ Cutters and shotfirers in retreat sections prepare for two operat- 
ing units. 

2/ Duties of brakeman and shotfirer combined. 

3/ No motorman required. Shuttle-car operator spots cars with remote- 
controlled spotter hoist. 

4/ Foremen responsible for two unit crews. 
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Studies show that one complete operating cycle in pillar extraction re- 
quires an average of 2/0 minutes. The average percentage of time spent in 
each operating phase of the cycle follows: 


Percent 
Drill, timber and lay track ..cccceoee | 30.8 
Cut eoe@e@eo4eaeeov0e0e08e0e0800208000808088080808 88608086 8 8 @ 13.2 


LOdd CULLINGS:: .3 osceawwess when beneaw ene 6.6 
Rock dust and blast .ccccccccccccccees 10.4 
LOad' COG lL: awhadctecs ieee oboe ew sees ek 4 
Delays: 
Transportation. 14i.s0sevsssseeee: 120 
Mechanical: s.sésiseiiswscesacee D9 
Miscellaneous ..ccscccscccccces 9 14.6 
100.0 


Classification of Employees 


Classification | Ist | ed | 3d | Total 
Underground - mechanized units: 

DNUCCIE=CAar OPETACONS®. 6 6bie 6 i siae.eare 6666S owe ole wees 
MOGODMECN . 4g. ss eeiecetW We 6:6. 6 oie ee eae ee eee esas 
BYOKEMER® <4 tassios Sine ere ars s4 ws oe ee ree we eS etene a are eee 
Loading-machine MON seccocsesccccccnesescesccccves 
CubCIng=mMachine Men. 46.64.06 6 wws06.00'W Se 0. ee ew owe 
Cutting-machine helpersS wcccccccccccsecssecsscsscsecs 
DRUULO KG: a siiecds wie were se Wee bre oso oie Oe ere ore bo 4 6 ewe A ee 
AMO CIMCON. sa: 556-625. dla ec etaee ere walene: ecesecew weve) etereeceeue.o: wie acer ese 
NOC KING: <6.'a:ascg iene ies 6 6:06, B56 v0 10:ce Se tei'e) Ww Ose -e: bene SSO eo rere eee 
SHOUT LCL Se bvexece se aerwser8avesp ie echuw wieveie one da 6 Sree ee Selb ees 


Foremen @eeeoeoeeeeeseseeeeevneseeeeeoeeeeneanaedeneeec8 een oe e826 86 e 0 


WFOONNO FOAU 

WFOUOTNNTO EAU 

MIF wwWwADUNUAWw EE 
5 


Total eeaeeoeoee@eoeeseeeeeoeeeeeeeeeeseeeeeeeeeevnese 6 @ 6 


Other underground employees: 


MOUCOYIMGN): 26s 6: se 0 ea 6205s oe ww O10 65 Wee oie Bienes ones ww Sree 
BY ROMGN . ~é5aie' 6-60.20 0/6 Biers 0 0.6 060 6:6 0.5608 waa ets 
EPEC KMOM: (6.56% .w-0i0- 6 i0e006 6 wie 00 ie wae e @ re were ew eae 
PEMD CLM: 56a xe ib ia6 e050) Ww: © 6 6iew we W0 ie 0 aw ww 6 ew. oe 
BraGULCe: MON: esses: wee 5 20e5. 60.6056: 0 006 wears were eS wes 


Mere hwmNh NM 
~~ 


Pumpers eeeeoeoeveevsvseeveeveoeeeeeeevoeeesnevoevaeeveeaeawnvneneve0e 8 e008 ee @ 
Pipemen eeooe@svsevoe@eovpeaeevpeeaeve eve esvseevseseasceooneaoe ee eee0n eee eee 8 8 


Masons eexeeveveeveeneneeoeveevee eee eoeo een een e7een eee oe eee eee 8 @ 


ino!) rwot! PU 


Oi-4-) frre ee eee ee ee ae Sere ee ee ee ee ee eee 
Care: RELL «. sic-6 60:60:06. 00 0w bw eww 010s O26 W 6 ww We wee ees 
WAY GMCM .<s5-00t0.50 60066 io wee. 8-O~ w 6 6 W080 6 6 Wie Oe we oS ee ees 
MECHA TCS.- Srsii Se 018 ee aso wie 6-040 ee Oe Owe ewe a 
Mechanics NOL PCTS? icessécdoieiee 6ce0e 6:0 5ew www ww ww Ore o8% 
LEDOGEPB: O5-655-ssws acne shh Wiese aw 06 KOS ee e e ee 
Fire: DOSSEOB 660 o4.6 0.8 ese 66 6 6.0.0.6 0:08.65 8 W's s 65S 0s 
Weigh DOSSES cccccccccccssccvvesesecececeessccene 


Total eeoeoevoeovseoevoesvseaeaeeoeeeuaneoevevaee@a@esnnv0eaenee0e2020080880 80 8 8 @ | 4G | 16 [19 | ° 
Total underground eMPlOyeECS .cccccccccevccvcece 117 ® 71 ol 


ee 
PWD FED FON FOU FPO; 


1windkre ses 
‘ 


2 
2 
8 
mM 
2 
1 
h 
h 
1 
2 
2 
8 
k 
2 
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Shift 
Classification lst ad | Total 
curface employees: 

LT PD LEME NM: --5:6-xal a.6i a Yonareie owe! are cavanele. aw sae aie eave tveeia ee: or arevacee 
DAD OP STS.” ice bpd Stee bee eS Oia hws Oe We Wee alee Gare eas 
BLEACKSMLGHS' <4 rsiesecd: uae oveGie oie 686 Wis e-iw 6 Wieh oe Wie eaters 
Car PE DAILIMON 6 s:hs 0.6 6 4.5.5.6 86 Win 6 0204 0-0 ww BN ew 0Ke 
General. sTeEpalrmMen: 6646064 cu 6000 0ses 606 wee ee ewe 
Hoisting 6ngiIneers. v6 ss 6 46 006 660-0 Oo 640-80 80 be 08 


Townmen @eeeoeoveaeavoeoeeoevevoeveev ese evoeaseoeveeeea@eeneneoeeveeoevaeeeea ee @ 


NM Wo WI bo ON © 


Clerks eeeoeaeoeveeveasvoseeaseosupseoeoevweaevoenesnso eo ea4eve0ee8 000 eee ee ee 8 


50 


Total @eeeaeeetoea oe eeo@eeevevoeeeevneeaeeesneeve7oesseeene eu © eee 8 6 6 


Supervisory employees: 


DUpeY ING ECNGSIG - «ig: acais w:oorw iw ibe 020 War 6 Wie wee ele tete e<0, 8 ace 
MiG. T OPSMAM: 26 6:5: s.eraite wie one ew to ers 6 ww oi eerwe 6046-4 oe owes 
Assistant mine fF Oremen: 4.6.4.6 es u\sis.w wes O86 6-06 wees’ 
DAL eCy GNeINCEr” vinie.cis'oe'oele ewe O00 WS Sw Oe eee ee 
MESCGr MOCHA LC. sis:détiew.6orew wiles 0 Oe Ss 00 wee ee aes 
DIOP POrSMa NN: 2S cg.se:ca. ted uate ese. 6% wiatele- bce. iovaew- 646i rn e)o-@-Sw eves 
cp Wegeiitche ePerer eae es a aera ee ae ee eee rer ere are er eee a ore eee eer 
Ouvside fOrSMeN. <5 si6u: see 6i een eles we oh ww ww ee sue es 
PVE CULT CLAM). sg 150’ o-0:0) W600. Owe 6 WS wow goer 


he 


Chemist eeeoeosoeoevo@eeveasveweeeec@#ansneweeeooeanevoV0eva4a20en0e00202000800888006 


Retail weighmaster @®@eeeeoese@eeoeseeveeevsesvsevaeaen 0020202800808 808080 86 6 
Chief clerk ee@eeeceoeeesovoeoe#esesevoeeaenveeeeesvseaevneneeoeg eo 0 Gee e@ 6 @ 


Total eseeseeveenseseeeseeeeenseeeeneeeeeseseeuneeesne bbe De ee 1 
Total employees SCCHHCe eevee seeevseseeseeeseeneseveses | 164 $103 175 | O 
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Summary of Mechanized Unit Operation (Based on Four Months' Production) 


Trackless section | Track-mounted section 


Retreat 
Average unit-shifts per day. 7-5 are 5.0 5 0 
Average tons raw coal per 

unit-shift, estimated .... 
Average tons clean coal per 

WNIGeShitt. 4:65 secs ew eacees 
Number of men per unit ..... 
Average tons raw coal per 

man-SHIFt sscccscccssccecs 
Average tons clean coal per 

mMan-SHILT wescsscceccenves 


139 3 


123.8 
8.0 


17.4 
15.8 
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Figure 4. - Section of coal bed at mine 47. 
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Summary 
Percent of mine mechanized @eeeseeesesees#deceseseeeeseeeenwrpeeseenmeenspneseeweoeneoeeese~eneoeese te @ @ 6 100 


Average daily production, raw coal, tons (estimated) ..ccccccceeccesee 3,400 
Average daily production, clean coal, tOnS cecccerenccceracseseccesees Cy (ey 


Average number shifts per day, mechanized unitS weccceccvecccvescssccves eae, 
Average production per shift, mechanized units, tons raw coal 

COS Ei MA TO.) - cin tiecarearerate wie caresa-anewtavee ese aren ae Gtaes pusane soe ate ae aa eres 136 
Man-shifes per day, Mechant2ed Units: .s6 6 seseseweca te seceeweeseoos ews 188 


Average production per man per shift, mechanized units, tons raw coal 
(EGUIMaLCO)! Sawkuwsuced seu eu ee eeeetes element ea eee wees Sealsew sar ahs real 
Total man-shifts per day, underground ceccsscnecscccssvccsesecssccscese ole 
Average production per man per shift, underground, tons raw coal 
(6SCImaUed). 2c ccaGsee Secrcwesesus- i eGoeu Ue sesnaeeuseehuaeeeaweetelnne .4Les5 


Total man-shifts per day, surface and underground ..ccccseccccccvecees 342 
Average production per man employed per shift, tons raw coal 
(estimated) ee@eeeoeeeeoeseseeoeeeeseeeseeveeeteseseseeeaeeeeeeeenseeeeweeeeeeeneeeeeecemlUcttmlUCcllcFtcmUlcOlcOlcel 8 le 9.9 
Average production per man employed per shift, tons clean coal ....... 8.0 
Mine 47 


Mine 47, which is in western Pennsylvania, is opened by a two-compartment 
slope, a passageway for men and materials, a vertical coal-hoisting shaft 162 
feet deep, an intake air shaft, and a return air shaft. The slope is divided 
into an upper and a lower compartment. The lower compartment is an intake air- 
way and also is used for transporting supplies and hoisting men. The upper 
compartment is a manway. A reversible centrifugal fan operated exhausting cir- 
culates 300,000 cubic feet of air per minute through the mine. 


The thick Freeport bed of coal, which is mined at this operation, averages 
84 inches in thickness in this area and contains three partings. (See fig. 4.) 
A parting of bone coal 10 to l2 inches thick separates the bed into two 
benches. The upper bench ranges from 24 to 30 inches in thickness, and the 
lower bench from 37 to 55 inches, with two thin shale partings near the bottan 
of the bed. The entire thickness of the bed is extracted, but the bone-coal 
parting is mined separately and is wasted outside of the mine. A stratum of 
carbonaceous shale 8 to 12 inches thick occurs immediately above the coal bed 
and provides a good roof in the mine. This shale is overlain by hard, sandy 
shale and sandstone, which break readily in pillar mining. The floor is fire 
clay. 


Operations at this mine are mechanized completely, and 4,000 tons of coal 
are produced daily in three shifts. The entire production is used for steam 
purposes. 


Mining Method 
Mine 47 was opened about 1919, and for 20 years hand loading was prac- 
ticed. In 1939, operations were mechanized and a modified form of the room- 


and-pillar system of mining is now followed. The coal in working places is 
drilled with electric track-mounted drills and is center-cut in the bone-coal 
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parting by universal cutting machines equipped with 9-foot cutter bars. Per- 
missible explosives, detonated electrically, are used to break the coal, which 
is loaded into 7-1/2-ton steel mine cars by track-mounted loading machines. 
Loaded mine cars are gathered by cable-reel locomotives and transported to 
partings, where they are assembled into trips and hauled to the shaft bottom 
by trolley locomotives. Track gage is 44 inches. 


The mine is developed by multiple main and face entries, which are driven 
to the property lines. Face entries are turned at right angles to main entries 
at intervals of 2,000 feet. Butt entries, turned both to the right and left 
from face entries, are 400 feet apart and are driven 2,000 feet. These butt 
entries are driven l2 feet wide, in pairs, on 75-foot centers and are connected 
by crosscuts every 100 feet. Thus, the areas to be mined are divided into 
panels approximately 475 by 2,000 feet. Rooms on 100-foot centers are turned 
90 degrees from the inby butt entry and are developed as the butt entries ad- 
vance. These rooms are driven l2 feet wide and are 300 feet long. A pillar 
approximately 100 feet wide separates the rooms from the next inby panel. 

The sixth room in the panel (fig. 5) is driven through this pillar to provide 
an escapeway between adjacent panels. The inby end of this room is sealed by 
a cinder-block stopping equipped with a trap door. 


Each panel is ventilated by a separate split of air. Air enters the 
panel through the inby butt entry and is deflected to the room faces by cur- 
tains across the entry. The air passes through the inby crosscuts between 
the rooms and across the working faces to the outby entry, which is the re- 
turn airway for the panel. (See fig. 5.) 


Development of the panel is complete when the butt entries have been ad- 
vanced 2,000 feet and the 19 rooms in the panel have been driven to a depth 
of 300 feet. (See fig. 5.) A completely developed panel comprises a chain 
pillar, a barrier pillar separating it from the preceding panel, and room 
pillars that are 88 by 88 feet. Pillars are extracted on retreat from the 
panel. 


Pillar Extraction 


Approximately 65 percent of the production at the time of this study was 
from retreat mining and 35 percent from advance mining. However, 25 percent 
of the coal in a panel is mined on advance, and 75 percent is recovered on 
retreat. 


Pillar extraction begins as soon as rooms 18 and 19 have been driven 
through the barrier pillar into the gob of the preceding panel. The inby 
block of coal between rooms 18 and 19 is extracted by the pocket-and-fender 
method. (See fig. 6.) A pocket (A, fig. 6) 14 feet wide is turned into the 
block from room 18 and is driven through the block to room 19. A fender 8 to 
10 feet thick separates this pocket from the gob. When the first pocket has 
advanced five cuts, a second pocket (B, fig. 6) is turned into the block from 
the crosscut between rooms 18 and 19. This pocket also is 14 feet wide, and 
an 8- to 10-foot fender is left between it and the gob. Cuts in pockets A 
and B then are made alternately. Alternate pockets are driven into the block 
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- Mining method at mine 4/7. 


Figure 5. 
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until the pillar has been extracted. Figure 6 shows the order, A toG, of 
mining crossovers in each block. Room 17 is driven through the barrier pil- 
lar at the same time the inby pillar between rooms 18 and 19 is being ex- 
tracted. All blocks are extracted in the same manner, and operations are 
timed to establish a pillar line 45 degrees to the butt entries. 


Fenders are extracted on retreat from pockets. Side cuts 25 feet long 
and 9 feet deep are made in the fender. A thin shell of coal 10 to le inches 
thick on the inby side of the fender separates the working place from the gob; 
this shell is not recovered. Occasionally, where roof conditions permit, 
longer cuts are made in the fender. Timing of cuts and length of fender 
cuts are supervised by the foreman in charge of each pillar section. 


The main cleavage of the roof rock is parallel to the butt entries, but 
the roof breaks readily in either the plane of the main cleavage or the sec- 
ondary cleavage, which is parallel to the rooms. Falls are well-controlled, 
and the roof rock breaks soon after the fender has been removed. Interference 
in roof control sometimes occurs in areas of low coal that cannot be mined and 
in areas adjacent to gas-well pillars. The roof is supported partly by the 
unmined coal in these areas, and clean breaks in the roof cannot be obtained. 
However, roof control at this mine is effective, and little coal is lost be- 
cause of premature falls. The recovery in panels is approximately 93 percent. 


One operating unit is employed in each panel. An operating unit com- 
prises 14 men, a track-mounted drill, a track-mounted cutting machine, a 
track-mounted loading machine, and a cable-reel gathering locomotive. A 
typical mining cycle for an operating unit follows: 


1. Timber. 

e. Lay track. 

3. Drill. 

Ie. “Cuts 

5. Load cuttings. 
6. Blast. 

7. Load coal. 

8, Clean-up. 


1. Timber. - Timbering in the working place is done by one man. The mine 
roof generally is good, and usually close timbering is not required. Where it 
is necessary to use timber sets, crossbars are raised into position with the 
cutter bar of the cutting machine. The cutter bar is equipped with a special 
platform for this purpose. 


2. Lay track. - Track is advanced to the working face by two men, who 
also recover it from worked-out places. Switches are placed on steel switch 
ties, and 40-pound rail on steel mine ties is used in working places. 


3. Drill. - The coal is drilled with a track-mounted electric drill using 
4-foot and 9-foot augers with double-pointed bits. Three holes are drilled in 
the upper bench next to the roof, and three holes in the lower bench near the 
fire-clay floor. A two-m&4n crew operates the drilling machine. 
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4, Cut. - Track-mounted universal machines are used to center-cut the 
coal bed. A 10-inch cut is made in the bony coal by inclining the cutter bar 
slightly in the direction of cut. Water is sprayed on the bits during cut- 
ting to allay the dust. 


>» Load cuttings. - The cuttings are loaded into 7-1/2-ton mine cars by 
track-mounted loading machines, These cuttings are high-ash bone coal and 
are wasted outside of the mine. 


6. Blast. - The holes are charged with permissible explosive and deto- 
nated electrically. Five sticks of explosive are used in each bottom hole 
and four sticks in each top hole. The center hole of the bottom bench is 
fired first, and the other two holes are blasted singly. Top holes are fired 
in the same order. 


7. Load coal. - Track-mounted loading machines load coal into steel 
mine cars. Approximately five cars of coal are loaded from a pocket cut. 


8. Clean-up. - Two men follow the loading machine to clean up the coal 
and cuttings that the machine is unable to load. When necessary, the clean-up 
crew is used as an extra timber crew. 


The crew on an operating unit is classified as follows: 


Diet LC zea cava eels ewe! ra se fa acorn eeo ee Wl ec aera Se eee reese 
Assistant driller .ecccereccccccsscccccvesseseee 
CU COT ierlecd arte e5 hee 6 wea aa lor web eee eee eee ee 
ASSISTANG CUULTER 6660 ow oS ee 0 a 6 oe 56 66 Kos é 00 6 os 
DNOCL LP ST® -seie eb: lacie ere.cle aw wiecere 86 aioe sob oe wow eteneiece 
Loading-machine Operator ceccsvccesccccsvescsece 
Loading-machine helper/ ee ee ee 
MOG ORWAT: «55.25 6.6 wwe We se Ww 0 00 0 Wee So es SO Ww Wee 
LIND CTE Me a eiacele- wens i a'b;-0:e 060 ve: Wie W ohe ewer whe ee 08 rte 
TACKS” 6:5 riadilereietd 016 u: Waite eteeee One. eos O1ee wee Ow 6 Oe one 
CLEAN=Up MEN. i:ia6 4 sees ww 6 Ow ew ioe SS ewe ee wee es 


POMP EPP PRP PP Pe 


Laborer eeoeeeovseoeevseeeeeesvseeeeewnsees oe onoev eevee eeveae Ge 8 


Foreman2 eeeoeeeveevoeene2eeeeeeea#esvpeesewsveoeveevnev7 e078 ee ee 6 @ 6 


1/2 
TOCA]. wesseescee seb erases seisnecesenscasnesecice, Lele 
1/ Also performs duties of brakeman. 
2/ Foreman supervises two sections. 


Studies show that one complete cycle in pillar extraction requires an 
average of 171 minutes. The average percentage of time spent in each operating 
phase of the cycle follows: 


Percent 
PET DST 2545 2g: hig ago 5) sesh grsalsectaiat Serie dar enw eseoene Wave aie eele: SU erate mee ° 
LAY AUrAClk 22 sesnenendusteriieiebwasecsaaeesieone LO. 
DPA LL... sere aiceicetece es are S020 vered voniaie ie teive a 7a e te cene as) oe 666 wears ae 19.3 


CUD seoesweeue bes Seuesehemecueeuubeoweewneee, aC 


Load cuttings eeeeseeoeoeseeoenv@esveeeseseseeeseeeoeeseeseeseoees Ti 
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Percent 


Blast ®eseee@eeceovoa@eeeevseoeaeesesv,seeeeeseveeveeseseeveeseseveeaneseeoeeveeees @ 117 
Load coal @eeeseeoeeveeoeo vc evoeeeveeeessvseoesoeoeeeneeweonen@n1718ce8 e808 be Pap 


Delays: 


Mechanical @eeeeeaoeeceC@eoeveeeveevnennuve0eeneneseeeev ee 8 @ 3 rap) 
Transportat ion @eeoeevoeeo@eoevea1en oe eneeeevee8 8 6 @ @ 1 e 2 
Miscellaneous @e@eeseseceoeeveeeoeaeewseoseseeseeoevee008086 2 e , 6 


Classification of Employees 


Classification 
Underground - mechanized units: 
Loading-machine Operators weccccccccvcccvcccccccces 
Loading-machine helperS ...ccccccccccsccscsvcccccsece 
Cutting-machine OperatorS wccccccccccseccccvvecces 
Cutting-machine helperS ..cccccccccccccccevcvccece 
Drill. OPCTavOrs : -6c9 % ayers eee oxe wo een wa were ew Oe a were 
Dridsd. NELDCIS * ois.a ews eue 50'e 4:6256 Oca wie wiki bie oA OS wee 
SNOGLAPCIS. 5:60 6 o.iece-e esse Ai0 wk 06 oer andoe we iece were Scere 
MGGOLMCN. ~55s4ri 6. aeieise ti acarel W Sho: We ©) 0601 5 to wee www we eee 
SEY C MCT 8.556 <6:8 woe sore eee Sow lbw 00 wee wre WES Lew Oe wee 
TMI SO PMON! 5:65-6:60: .-6: owe erase a wee w:-erw: oe aie ace eee we ee 
CLEAN =UP MEN ~ 6.6 io <6. 66,06 tae: oe Woe wad wees 9 S510 00-6 Ses 
WOPGMGN .. 45. ineieacahieie oe 010 oes bere ee we ee eee Ww eee ele oe Ce eee 


Total e@eee@eeoeevoeeee@eeeeweemeoeseveoeevneeeestoen0e2808686ee e808 6 6 


Other underground employees: 


MGOGCOPMOl: 5.6.45 e066 6 See 6555S Oe ae Ae eee eee ewes 
BYE KOMOM: 6 ews ico. W ere: Wi 0s'a ee 566 e026 00 ww. 0 '0-Wi 00 0 wee 
PEC INCI. 5.5656: e755 4: Saree SS Ww 6 SB UW ee eS Wk wae ee wee ee 
DrAiINAZeS MON ccsscceececssvesrere eserves sseeon eee 
Venti Lat Lon: = MOM 656 6i0<66 0.0.0 466-6 0 00 #6 eters 0050 068 w 10% 
‘LAMDOIMEN, ~ 6.6 6:6 & 60. 6 '0 0.6.00 6.8 ibe 6 66.0 0601006 6's we are oe 0 we 
CLEaT= Up: MEM: 5.626 0.6.6 Wis 0s 6 60.6 60 0 0 Wee © 00S WO 6 0 ww e0 8s 
pb glow re er eee eee ere eer a eae a ee ee eee eee eer eae 
MECORDICE® 6.6.6. 6-6b: 8-656 ie wie ee SW S500 6 wee Oe SES we 
Mechanics” HO1LpOIMS “a6 66.06:.4.06 00 so 4 06 0:6:%,6:0 400s 0 ew ee 
Cable Splicer crcccccscccccceveccsccsccsesessveses 
JF isiorg- ewer eer ee eee Te ee ee ee ee a ee ee ee eee ee 
BOCCUOM “MOD <5 66.5.6 bse ie wlara te 6.0 W010 Ws 6.606 00 00s SOOO we 
SUPDLY MOU . sos eee 6:6 0:66. 6006000 0:0 6606.50 0054 COR Os 
j yo gaa sel: |:1-|- ee eee ee ee ee eee ee ere ee ee ee ee ee 
BPLOSCTYICIAN. : 466.6 ea; bso es0.0'6-0.6 6006.0 esse W0 wae Re e ere 
SHOP LOTEMEN .wccccvccvcccccevccscscseccsesecesesose 
Assistant mine FOTEMEN .ccccccccccccvvccscvescsere 


Total eeoeveesvoeueaeveoeeoevnoeeneeeespeoeaseevneaevne7nee8 eee e ee eee ee 8 
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Shift 
Classification | lst | 2d | 3d] Total 
Surface employees: 


Hoisting engineers @eeeeeoeeseveoevsee02ee80028088 88080886688 8 0 @ 
Weighmen @eeseeeeeaeeeseeeveseeeevweeoeeesesvse@eseeeweseaespesesveeveeseeee0ane 6 


Dumpers eeeoeaosveeeveaseoevoeveeeesvseeewoeeveeeveeoeveovoe0ee2 eee ee ee ee @ 


(No) e (2) ae eeater ar er aca een ee eae eee rae rare er eee ee 
Bony PIcKers weccccccnscccnscccepacsvansccesesccece 
PGA: INSTA: io:co 6 pice: 6 eteule ses ose te xee 61 Sie eKeNe. OS Se We SLES Wee oe eS 
Wat CHMCM:. 16:6. aidtce vice tere se cai tees oe 108 wt ne re eee ih ese 'w was ee eae 


Janitor @eeoeeaesesvsesvsoeve@eeeveesveseeeveesvseeseseeoeeeeseeoaevneneeeoneneeesee 0 


PRPHENMOPPEHD 
5 ee DO AO Ow) 


WELGEIS. 65-55 6 GS ar dice iarwn ute bins le 6. Gre wise ave Sie @ Sndste Ge wee es 
CBr Pen GSTS ® «5.6 cavaiaisne: Sahel ow apie 0 eee co ta -lene oie we Stoe oe ree tole 
MACHU N1S Ge erde- wae dee 60 ease -0ie 605 Ae wae ove 06 we ew areas 
jisielelshan Kes: aera ene eee ae ere ea eee a ae eee ere eae ee ee eee ee ee 
Cay PEDELTMEN:: o6'so5 ow ae 66 hres 65 oe 0 06S i wee as 
TUCK GYAVOGRrS isa vere-ue ore leo i056 a.0w Oe uw © eos wee wees 
BEACKSMICMS: 4xa6es observe wes 5 he 656-018 00016 ore ae' ole wre atele eee 
Ts DOL CT S -. 5:6 55:6. 16:56: 5a ea 0000 a9 e008 Ose 038-8 Oe eS 
VOUG TOF SMany 5.266. wi0.6e aaa varece erste: etete 6.6) e bie Oe eet evecexers 
Tipple FOTeEMan cocsccesvcvcvvesecsscecevvcvesecsece 
Assistant. tipple. POreman 6 scs6 wes 6.0.05 0we O0 e060 e 6s 


Total @eso@eeeoew @BCovseeesvse*esesseeseoeve*eseseoee oeoeeasvneveevsea es eee eee 8 @ 
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Supervisory employees: 


DUPECrINGENGENG 60.6 sa W Wiees Seiwe ace ee 6 8 ow ww oe Ae eee 
MIn© TOLCMEN: sce oes 6bie 60/00 6000 006 6 ON OVS w 6 Oe KO SS 
Sarety CNSINSCL 66s ss.6 dceeeias 60's @ WS ween ow a © We wwe ee 
MaAStOr MOCHA: 0 i6iscé6-w. aware: © 66-d.0 bs Bee See 0S w alee ee eee 
Mining GnSinGOrs 66.ciios iweb 6.6. 0656.0 © 0.06 66 6.wi 08 0 00 oe 08 
id (eer eee Soe ere Te ee ee ee ee ee eee a eee eee 


SEOrELrOOM: CLEFKS A.6rs6 is iG sre wie we 8 0 OAS ee Oke 


Total eeeeesveeesvseeaeeeeenveeeeeeeeeweeeneneeg1eenegeeeneee ee © @€ 6 8 os ee 1 
Total eMPlOVEeS sessccccvecccvscvesecsscssseceesse | 193 | 129 | 119 | 441 


Summary 


Percent -Of- mine mechani Zed. 95506 sce serewisveceeree 6 06 6 UGS OES ESE SE WleR ee etees 100 
Average daily production, raw coal, tons (estimated) ....cccceccsccece 4,390 
Average daily production, clean coal, tond cecccecccevccccvcccevcsecee 37950 
Average number of shifts per day, mechanized unitS ..cccrccccccccccees 1 
Average production per unit-shift, tons raw coal (estimated) ......... aby 
Average production per unit-shift, tons clean Coal wescecccvecceccccecs 220 
Man-shifts per day, mechanized unitS wcccccccnnceccvecccvcsccccscscvccen 261 
Average production per man per shift, mechanized units, tons raw coal 

(estimated) picuseceauewen ee enna ostescies ene eeeserumaneaweseseueeee: - 10.0 
Average production per man per shift, mechanized units, tons clean 

GOH! sicc's scp orcas ase ee. eae SEE se SOR OU eee eR eeaecewersees “lost 
Total man-shifts per day, umderground .cccccccccccccecccvccvesscveccsene 369 
Average production per man per shift, underground, tons raw coal 

(estimated). cisiccwertesinsceretcuun sinnsue eins eweaeeesewsmenGeu@eeaees 2.7 
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Figure 7. - Mining method at mine 48. 
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Average production per man per shift, underground, tons clean coal ... 10.7 
Total man-shifts per day, surface and underground ...ccccccsccccencees YD 
Average production per man employed per shift, tons raw coal 

(SSG Imaved,)) vedas diasend oes ww ciese eave ee bene wi oinw Oe a etecere ee Sees alee eae 9.9 
Average production per man employed per shift, tons clean coal ....... 9.0 


Mine 48 


Mine 48 is in north-central West Virginia and operates in the Pittsburgh 
bed of coal, which averages 102 inches in thickness in this area. The coal 
bed outcrops on the mountainside and is overlain by an average of 185 fect of 
overburden. A stratum of slickensided shale ranging from 4 to 24 inches in 
thickness occurs immediately above the coal. This shale deteriorates when 
exposed to the mine air, and in some parts of the mine about l2 inches of top 
coal is left in place to protect the roof. The coal bed is underlain by fire 
clay, which provides a fair roadway for trackless equipment. However, this 
fire clay becomes soft when wet, and in sections of the mine where water 
exists it is necessary to corduroy the shuttle-car roadways. 


The mine is opened by drifts that were driven in the coal bed from the 
outcrop. These drifts are the main haulage roads, air courses, and escapeways. 
Operations are 100 percent mechanized, and an average of 7,500 tons of coal is 
produced per day in two 8-hour shifts. 


Mining Method 


Operations at mine 48 were completely mechanized in 1945, and both track- 
less and track-mounted equipment are used in mining operations. Only the sec- 
tions of the mine where trackless machines are used are discussed in this 
report. 


The mine is developed by a modified block system of mining. Multiple main 
entries are driven from the outcrop, and butt entries are turned at right 
angles off the main entries in sets of five. The coal to be mined is divided 
into sections, which are variable in size because of irregularly shaped coal 
areas and the nearness of the section to outcrops or worked-out areas. dHow- 
ever, the standard practice is to turn the butt entries at intervals of 2,000 
feet and drive them to the property lines or to the outcrop. Panel entries 
are turned 90 degrees to the right and left off the butt entries on 100-foot 
centers and are driven 1,000 feet. Panel entries are connected by right- 
angle crosscuts driven on 100-foot centers. (See fig. 7.) Thus, the coal in 
a developed panel is divided into pillars or blocks 86 feet square. Most 
panels are 700 feet wide and 1,000 feet long and comprise seven rows of pillars. 


A 500-foot barrier pillar is left between the main entries and the first 
panel (1 right north, fig. 7). Entries 3 to 8 are developed on advance, and 
entries 1 and 2 are driven on retreat from the inby end of the panel toward 
the butt entries. Entries 6 and 7 are haulageways from panel 1 right north. 
Panel 2 right north and succeeding panels are developed by seven entries. En- 
tries 1 to 6, inclusive, are driven as the panel advances, and the entry 7 is 
developed on retreat from the panel. The 86-foot barrier pillar that separates 
adjacent panels is mined on retreat from the inby panel. Thus, these panels 
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comprise six rows of pillars between entries 1 to 7 and the barrier pillar. 
(See fig. 7.) The recent practice of splitting the pillar between entries 3 
and 4 was established to provide additional working places during development 
of the panel and to increase the maneuverability of the cable-reel shuttle 
cars at the lcading stations. Entries 4 and 5 are haulageways in panel 2 
right north and succeeding panels. 


An operating unit in a panel comprises 19 men; one rubber-tired, universal- 
type cutting machine equipped with a 9-foot cutter bar; one hand-held, electric, 
auger-type drill; one crawler-mounted loading machine; two 7-ton, cable-reel, 
shuttle cars; one elevating conveyor; and a car-spotter hoist. This unit devel- 
ops the panel and also mines the pillars. 


Loading stations are located at crosscuts in the outby haulage entry and 
are advanced every other crosscut as the panel is developed. The track is 
left in place when a loading station is advanced, because the same station is 
used on retreat from the panel. Figure 8 shows a typical loading station and 
track layout. Empty cars are pulled into entry 4 and through crosscut AB into 
entry 5. The trip then is pushed by the locomotive into crosscut CD and cou- 
pled to empty cars at the loading station. The locomotive returns to entry 4 
via crosscut BA and couples onto the loaded cars in entry 4. A continuous 
supply of cars usually is maintained at the loading station, and little time 
is lost due to car change. The elevating conveyor at the loading station is 
set at an angle that permits shuttle cars to unload on either side of the con- 
veyor. (See fig. 8.) Shuttle cars approach the conveyor from two directions, 
but the capacity of the conveyor permits only one car to unload at a time. 
Water is sprayed on the coal as the shuttle car unloads and as the coal is 
discharged from the loading boom of the elevating conveyor into 10-ton steel 
mine cars. One man operates the Beenen nese elevating conveyor, and the 
water sprays. 


Pillar Extraction 


Pillars comprise about 70 percent of the coal in each panel and are ex- 
tracted on retreat from the panel. Pillar extraction begins as soon as the 
panel has been developed by panel entries and crosscuts. In the first panel 
(1 right north, fig. 7), pillar extraction starts in the inby pillar between 
panel entries 1 and 2. Im succeeding panels pillar extraction begins as soon 
as the two inby crosscuts have been driven through the barrier pillar separat- 
ing the panels. A pillar line is established about 30 degrees to the panel 
entries. Development in the panels is timed so that mining of pillars in an 
inby panel is started when the pillar line of the preceding panel reaches the 
last entry of the outby panel. Thus, a continuous pillar line is maintained 
across two or more panels. 


The method of pillar extraction and the sequence of cuts in each pillar 
are shown in figure 7. The first operation in mining a block is to drive a 
split 14 feet wide through the block parallel to the panel entry. This split 
is not "holed through" until the inby block has been completely mined and a 
roof fall occurs. This practice prevents loose gob from rolling into the 
working place and also lessens the possibility of the fall extending into the 
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split. After the split has been completed and the pillar has been divided 

into two blocks 36 feet wide and 86 feet long, a 20-foot lift is driven across 
the inby end of the block next to the gob area. (Cuts 1 to 4, fig. 7.) Each 
block comprises four 20-foot lifts and 6-foot stump, which is called a "push- 
out." Lifts A and B (fig. 7) are mined in succession, and lifts C and E are 
mined together. Lifts F and D then are mined together, and G and H are mined 
in succession. The "push-outs” are recovered, as shown in the cutting sequence 
in figure 7. 


Kach lift comprises four 9-foot cuts. A small triangular stump is left on 
the gob side of the first cut in each lift to keep the loose gob from mixing 
with the coal and to give additional support to the overhanging roof. The coal 
is top-cut, and a shear cut ig made next to the stump to separate it from the 
first cut in the lift. When possible, the remaining cuts in the lift are open- 
ended. However, if the timbers or stump show signs of roof pressure, additimal 
stumps are left along the gob side of the lift. After the coal from the last 
cut in the lift has been recovered, props and cross bars are removed from the 
lift. The timber crew then sets five breaker posts - three in the first row 
and two in the second row - in the split or entry in line with the rib of the 
next lift. If a roof fall does not occur immediately, the stumps are blasted. 
The roof rock usually shears near the rib of the solid coal, and the roof pres- 
sure does not carry over to the unmined pillar or the breaker posts. The 12 
inches of top coal, which is not mined, protects the slickensided shale from 
deterioration and helps support the overlying strata until the lift has been 
completed. Normally, a lift is completed in four shifts. 


Falls are well-controlled and closely supervised. Each section foreman 
is required to post his daily progress on a master map in the mine foreman's 
office. In this way, the foreman on the next shift may know the condition of 
his section before he enters the mine. At the end of each shift, the mine 
foreman and superintendent spot-check the section foremen's maps to see that 
they are up to date and that mining, especially in the pillar sections, is 
carried on in proper sequence. The mine officials supervise operations closely 
to be sure that the pillar line is properly maintained. 


Recovery of coal in the panels is estimated at approximately 87 percent, 
and the over-all mine recovery is about 75 percent. 


A unit crew in a trackless section of the mine comprises the following 
men: 


Dre QR teeerr ee ere Te ee ee ee ee ee ee eee ee a ee ee ee 
Cutting-machine OpeCTaGoOr 6666.66 466.066 6 66 C6 we0e 6 680 oe 00 
Cutting-machine Helper ceccvocccccccccvccssceseseseces 
Timbermen. (2 (Crews). 345.04 ine see wena Gieneiewae wae aes 
Loading-machine Operator .ecccccceccceccccccccceccsens 
Loading-machine NeElper .ececcecccecccccccvcscescccecsece 
Shuttle-car Operators ccwcocccccccccccccsevveesessccens 
SHOtTLILTeLr wecvcccsscccsserrvessrevvvsrccsvsesessecsesveves 
Spillage and brattice MEN ceccecccccvccccrevecvecsccees 
Loading-station Operator ceccccccecvccvcccseessccsecece 
FOLEMAN cecccccccccceccccecce ener eceneneensesesesecens 


Total e@eeeoovoeveoeeeeeeeeveeeuaeevseeeeevseeeeeevaesseeeeseeveeveesvseneese 
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The cycle of operation follows: 


1. Drill. 

oe Cut. 

3. Timber. 

4, Blast. 

5. Load coal. 


1. Drill. - The drill wnit comprises two men and a portable, hand-held, 
electric drill. Three holes are drilled near the bottom of the coal bed, and 
a short hole is drilled halfway between the roof and the floor near the tight 
side. Bottom holes are drilled 8-1/2 feet deep on 6-foot centers. About 
1-1/2 minutes are required to drill each hole. 


2. Cut. - The coal is top-cut with a rubber-tired, universal-type, cut- 
ting machine equipped with a 9-foot cutter bar. A shear cut is made on one 
rib line in entries and splits and on the gob side in pillars where stumps are 
left. Approximately 1 foot of top coal is left above the top cut. In pillar 
mining, 6-inch hitches are cut in one rib for timber crossbars. The cutting 
crew also sweeps the cuttings away from the face with the cutter bar to expose 
the bottom blast holes. 


3. Timber. - Two timber crews, comprising three men each, work in each 
operating unit. Two crossbars are set for each cut in each working place 
after top and shear cuts have been completed. Props are set as required. 
Crossbars are hitched in the rib on one end and are supported by a post at the 
other end. The timbermen also set five breaker posts in splits and entries, 
as shown in Pillar Plan, figure 7. Occasionally the spillage men help the 
timbermen. 


4, Blast. - The coal is blasted with permissible explosive detonated 
electrically, one hole at a time. Holes are stemmed with bagged rock dust. 


5. Load coal. - Crawler-mounted loading machines are used to load the 
broken coal into 7-ton, cable-reel shuttle cars. Two shuttle cars are employed 
with each loading machine. Shuttle cars transport the coal to a loading sta- 
tion, where the coal is loaded into 10-ton steel mine cars. 


Classification of Employees 


Shift 
Classification |lst | 2a | 3d | Total 


Underground ~ mechanized units: 


Loading-machine OperatorS ceccccccvvccccssccsescce 10 10 2 22 
Loading-machine helperS wccocccccvvccccvecccvcecese LO LO 2 22 
Cutting-machine Operators akcecs6 cseeceieweews eee 10 10 2 22 
Cutting-machine helpers sscccccccevevevevesvesescs 10 10 4 22 
DPi Crs ok wacasswe 6 r0 oo dae a Rec OW Wo ews 08 10 10 9 2g 
SNOCEILCYS -s0's'e 5-00 66 4 66:66 -ie 0 aoe 0b 86 6 066 oO eee we WO 10 10 1 el 
Shuttle=car Operators: <4 s<ee iene es wewooeses sew wees 9 8 - 17 
Loading-station operators .eccccccceccccccccccccecs \ \ - 8 
Motomilen: 10tiacu snes vo ea ook Cine Cade anise 6 6 2 14 
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Classification Total 


Underground - mechanized units (con.): 
BrakeMmen: 40.6000gises se0ees eens suns emtese sewn sess 6 6 2 14 
TYACKMCN: ieisis-e-sieecraceis 164 G ose eR NER ROSS Mea ewae: || Le 12 4 28 
2 30 
8 104 
yas 22 


Spillage and ventilation men ..cccccccccccccesesee | LY 
Timbermen @eoseoseeeveoeoeeoeeveeveeeeeeeeseeseeensneeoqenvW@a146ncdne1~een0nd020e 02 8068 0 @ 18 
Foremen @e@eeeeeseseeeseeeasveeeoew@aeeeeoeseeeseveeseenseeeweaeeeeeeeoe © 10 


Total @eesoe@eoeosoo@soovo oe eoevneeaeeveeeeeeeevnaeaeovoea# e@eeveeven7eeoe eee @ 


379 


Other underground employees: 


MOCOIMOCM:: 6:50:35 siecerbereere-e ose Oe SOW Oe ele OO ewes ees 
BYE KEMmer: avn s:ceic wo bse we veisevee eee a 0 oeh oe ates we lo ees 
LOC MMOD 5 4 hio-W6-e 6 wile ws) Wselee 6 67S Ole 6 eee eae ww wee 
LMOGIMCN - 6: ssieG-0/0:6s 0:0. 006 We 64a Ow eek eb eeeees eae ew 
WL SOMON) 5 5. 5:5 sos a cag a0 Wishes Sto Wie te wie Ww eele sO Sew Oe eS 
VeOnt1 LACTOn MeN 6.66666 666s 4S 6O4ES Ow ESO Ewe SS 
PUI DOTS © vig saa, 0s or o:60 lao ic0lo aries ceio es 6 O40 Slew Wee wae Be 
ROCK GUSCELS: 4 .4.55ids.wteld: Wiew-4s 0-6 Wee 0 ies w Wis a ee woe rece 
FI PCMEN: 6:6 416.066 wie oto wise w oars Oe ae 68k ea 
Materials-recovery MON cescccccsccccscccseccsccces 
MOCHA CS )+ 5075: aveisee ow: 9: 0.8.05 65 18 4, 0626) 60) Ao) 0 lee ew 6 bere oe 
Mechanics RElpers 6 i ci6iiG eis 65h. 6:6 6.64.46'4 606050068 ae 
MinG:-TOrCMAN: gi6.% 6s. 60s ee 64 see Se Ue ee bee Cele e eee 
Assistant mine POTeEMEN ..crcccrcccccccsesccccscees 
Other superviSory EMPLOYEES .ecccervecvecccccccccce 

OG Gil. ~ ie ose, b05 0% 1b so Wa varee eS ala eG aaa ave erarwyee ne Sheree 


Total underground employees ..ccccccccccvcvcccscce 


20 
16 
21 
8 
2 
10 


10 


ah 
10 


Surface employees: 


CREE A Mepecl! <q]: aareree ae tee ee eee a ee ee ae ee ee ee ee 
WET COMCN: egret ere weve aidreaseiSie Wears 0 We wares Sie eee aes 
Car SArOQDDEIS : tus a-wibcs: sie eee os 6 64 6 Blew WW ieee wees 
Car “Grimmer: o5/6.0:6 skeleb4e se eed wew ees CESS Se ewes 
MCTEESIIMCN ii5 oa: 0-0 w0 0 60010 torw 00 ee W OS 0-06 W.i 08-8 eee ee 
AGAIN NST. fe-a-6\e:6) 5:00 wie & oon ew WiaS ewe eww © 6 00 Ow 00 wee 
Substation MOEN wccccccvccccvesevcccesvcecsecsceses 
SEMOMCN 6s sav Wa 0 ww 6 60S 6 6 26.6 60006 68 ww we 05-888 
BISCKSM1 CHS -2.4.6:5o 5 0s wow S600 69 40416-6466 K WO e wee Sees 
WO LOG?” 6 .6.ei6 i650 615 66 oa S 000 ae oO Ww ue Oa e wie Senco Ole eevee 
Bit SHAYPENEVS wcrccccccccccccccccssccsecseseveves 
GP CAS OLS 5.6 F 666 66-5 w wee se owe 0 ea wee 
SUPPLY MON cevcccvccvcsevessevevsecccsesccsseceses 
CAYPENCELS 4.6.00 6% .6 0's 00's 6806 W066 666 60's 6 00 6's 0008 eee 
LEA DOLVOLS 6:0:e 6:0 6 6560.0 .4.6 045.6 6565 C006 6664 5:0 SS BOSS 
Coal InSPECTOLS acccccccvvcccescscscsccesccesesecces 
WACCHMON scscccccccccccreccerceceseesveccsecccccces 
PUCK ‘ATIVONG: 6 65:66:00 b oS 66.6.6 5- 8 4 0S.0 OS DORs es eee eS 
PYUCK: MECHENLC 46:66 ose -00.6 wiee eh. 6450.00 610.6 We O86 e% 
Bulldozer Operator cscccccccsccvcecccvvccacsesvecas 
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Classification 
Surface employees (con.): 
Power-Shovel Operators secccccsescsccccccssesseses 
Yard) TOvSmen:, oecidis. die. bie.eeeowiie eve 6 eceaa ae Swene Wie were ree 
Tipple POreMen weccvascsccevvescssccsesesscveseces 
SUDETINGLENDISNS sie ieiechnc. 6 0: 6.scse ese te eee woe a wileie Wie erese-e 
Other surface supervisory eEMPlOVEES .eccccceccseccee 


Total eeoeaeoeeveaen eo eoevoeeveeaoew ceo eveoeoeoe eve eeoVuanevneeene7e7eeecelc8e 8 8 


Supervisory and mine office employees: 


Genera]. SUPErINGENGeNG: wees ie s:6 ore oye: 6 aise eave ose we 
CAlchg <ctere er ee a ee ee ee ee ee ee ee ee ee ee ee eee ee 
SUPPLY VCLOLKS: 4. sewn awe'eie wo 6 ote wie ems eee sauna eee 
BNE LNSSIS™ “gies: owe: We 65s 00 010 6 00.00 00 be be OO Owe Nees 
TIMCKCCDEL” 16-6. wes 6 6.6:6.6 40 608-66 WE 6 ANS 8 OOOO ee OS 
PANLLVCSS:. 6.4.5 bwin bos ww Wi0 are 0s 0s 6 GW 0.0 06 oa OS Ore ewes 
Other superviSory EMPLOYEES .ccccvecccccccccvevece 


Total @eeeeeoeeoeeeesesvsweeeseeeeewesesvoeaesesseseeoeeseeoesenseeeeeseenvneneese 


Total emplo ees @e0@20800@200@8000804080@8808080208080808808600808088080 8 
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Summary 
PErcens Of Mine. MeCHENL Zed. 4445 ose were ese love S70 eealw we 0:008-w ee 0 01 OW ARO Als Ge we 100 
Average daily production,: CONS: 4664.66 saswwpaieee's 66:4 00.0 hare eesesecoe ee [5900 
Mechanized. Uni Gs) 6660s eb 65's o.0.6 ob wee 66 0S 6S) O06 WOOO Se Oe ec © 5 0's S08 es LO 
Mechanized units, ShIfts per dAY crcccccvcccccccsvccvesscsescescsecces Ce 
Average production per unit-shift, tonS w.cccccccccccsccvccscccccsces 341 
Man-shifts per day, mechanized units ...ccccccccccecrcccscccvcesccsecce 319 
Average production per man per shift, mechanized units, tons ........ 20 
Total man-shifts per day, Underground ecccceccccccvevessecsescenceccs 5el 
Average production per man per shift, underground, tonS ..ccccccceees 14.4 
Total man-shifts per day, surface and underground ..cecccercccccvcecs 649 


Average production per man employed per shift, tons .....ceeccccceeee 11.6 


Mine 49 


Mine 49 is in the northern West Virginia coal field and operates in the 
Pittsburgh coal bed, which averages 100 inches in thickness in this area. Tne 
coal bed outcrops on the hillsides and is overlain by an average of 275 feet 
of cover. The thickness of the overburden ranges from a few feet near the out- 
crop to approximately 385 feet on the hilltops. 


A stratum of slickensided shale 2 to 6 feet thick immediately overlies the 
coal. This shale deteriorates when exposed to the mine air and is supported 
with great difficulty. For this reason, 6 to 12 inches of top coal is left in 
place to protect the shale from the mine air. The thickness of top coal de- 
pends on the length of time the mined area is to remain open. The strata above 
the slickensided shale comprise sandy shale and sandstone. 
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Figure 9. - Mining method at mine 49. 
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The coal bed is underlain by 18 inches of fire clay, which becomes soft 
when wet. Sumps, 8 feet in diameter and 3 feet deep, are excavated along the 
shuttle car roadways to drain the water from the bottom and keep the fire 
clay as dry as possible for the efficient operation of trackless equipment. 


The main opening to the mine is a double-entry rock slope driven from 
the surface approximately 300 feet on a 7-degree pitch to the coal bed. This 
slope is the main haulageway, manway, and return air course. A number of 
escapeways and ventilation entries have been driven from the mine workings to 
the outcrop. The mine, which is rated nongassy, is ventilated by both blowing 
and exhaust fans. 


Operations at this mine are 100 percent mechanized. The average produc- 
tion at the time of this study was 2,730 tons of coal a day in three shifts. 
The yearly average tonnage was 3,275 tons a day. 


Mining Method 


Mine 49 was opened many years ago, and coal was loaded into mine cars by 
hand until 1939. At that time operations were mechanized, and at present coal 
is loaded with mobile loading machines, Originally the mine was developed by 
a block system of mining, entries and crosscuts having been driven on 90-foot 
centers. Soon after the introduction of mechanical mining, variations of the 
block system were tried. At the present time entries are driven on 70-foot 
centers and crosscuts on 116-foot centers. Thus, the areas to be mined are 
divided into blocks or pillars 56 feet wide and 102 feet long (see fig. 9). 
Operating sections at the mine comprise 16 entries and the pillars between 
them. These entries are driven at right angles to the main entries, and a 
102-foot barrier pillar is left to protect the main entries. Entries 1 to 7, 
inclusive (fig. 9), are driven 16 feet wide, and entries 8, 9, and 10 are 
driven 14 feet wide. About 8 inches of top coal is left in entries 1 to 7 and 
10 to 12 inches in entries 8, 9, and 10 to protect the roof. The pillars be- 
tween entries 1 and 7 are mined as the section advances. Entries 11 to 16 are 
developed, and the pillars between entries 7 to 16 are mined on retreat from 
the section. As soon as entries 1 to 10 have been advanced 175 feet, pillar 
mining is started in the outby pillar between entries 1 and 2, and a pillar 
dine is established about 110 degrees from the entries. This pillar line is 
continuous across the six pillars between entries 1 and 7, and is broken only 
by reserves left to protect gas wells. 


A theoretical line of advance is established about 70 degrees to the en- 
tries (fig. 9). The projected intersection of the advance line and pillar line 
forms an angle of about 40 degrees. However, these two lines actually do not 
meet, as it is necessary to keep two crosscuts open between the pillar line and 
the advance line to maintain proper ventilation in the working places. 


Entries 8 and 9 are haulage roads for the entire section and are equipped 
with track for movement of mine cars to and from the loading stations. Shuttle- 
car discharge stations are established in every other crosscut between entries 
8 and 9. Track and switches are left in place as the loading station is ad- 
vanced, because the same stations are used on retreat from the section. 
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The depth of sections is limited by outcrops and nearness to abandoned 
workings and reserve areas. This mine has been in operation for many years, 
and the present workings are adjacent to mined-out areas. After entries 1 to 
10, inclusive, have been driven to the inby end of the section, entries 11 to 
16, inclusive, are turned from crosscuts and developed toward the main entries 
as the section retreats. Pillar extraction between entries 7 and 16 begins at 
the inby pillar between entries 7 and 8, and a new pillar line is established 
as shown in figure 9. This pillar line is 70 degrees from the entry course 
and 40 degrees from the pillar line, which was established on advance. Pil- 
lars comprise about 70 percent of the coal in a section, and approximately 30 
percent of the coal in a section is mined from entries and crosscuts. 


Pillar Extraction 


Each pillar or block comprises four lifts and a stump, as shown in figure 
10. The lifts comprise seven 8-foot cuts and the stumps, four 8-foot cuts. 
Each lift is 21 feet wide and 56 feet long. The first cut in a lift is made 
from the entry inby the pillar. A triangular stump is left on the gob side of 
the first cut to help support the roof rock. The coal is top-cut and sheared 
between the center line of the lift and the gob side of the place. About 6 
inches of top coal is left in place to protect the roof. The second, fourth, 
and sixth cuts in each lift are open-ended, and a 3-foot triangular fender is 
left on the gob side of cuts 1, 3, 5, and 7 in each lift. 


After the last cut has been made in a lift, blast holes are drilled 
through the top of the fenders to the roof rock. The timber supports in cuts 
6 and 7 are then recovered with a post-pulling machine, and the fender in cut 
7 is blasted. Usually, the top coal and part of the shale roof fall in the 
inby end of the lift after the first fender is blasted. The same procedure is 
followed in removing the other timbers and fenders in the lift. A major roof 
fall occurs immediately after the timber supports have been recovered and the 
last fender has been blasted. Occasionally the major fall occurs when the 
fender in the third cut is blasted. 


Falls along the pillar line break to the surface, thus relieving the 
weight of the unsupported roof on the solid coal. 


The section foreman is responsible for maintaining the pillar line and for 
keeping .the lifts the proper width. If one of the cuts is made wider than the 
lift, the roof fall will carry over into the next lift and create a difficult 
timbering problem when the coal is mined from that lift. The section foreman 
also is required to keep entry development at least two crosscuts in advance of 
pillar extraction in order to provide adequate ventilation in all working places 


Approximately 85 percent of the coal in a section is recovered. Occasion- 
ally a premature fall closes a lift before all of the coal has been mined. I 
such cases the coal is recovered from the next lift. 


A mechanized unit in a pillar section comprises 19 men, one crawler-mountec 
loading machine, one rubber-tired universal-type cutting machine, one portable 
electric drill, two cable-reel shuttle cars, one elevating car-loading conveyor, 
@ car-spotter hoist, and a post-pulling machine. The unit crew is classified as 
follows: 
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Dt LLCS: 6:6 e:0 see ese ae axe 6 eg Wie ere Wa ice 2b W 0 Sb ware aw eee 
Loading=machine Operator 6.640600 6660s 660660 606 see ees 
Loading=-machine:. Helper 64 ana gateeweees sees cee eu eee aes 
Cutting-machine Operator ceccvacccccsccccccccscececece 
Cutting =-machine NG LDCY ‘sé o:eibc6'e-4 die sie bc ewww 84 eee 
Shuttle=car OnperacCOrs. .5%6.5:c: 60 d:6.0:6 6.6.05. 6.0eew oe eee eee 
Timbermen (2 crews of 3 each) cecccrccccccccccesscece 
Slee {5 ree ae eee er ee eee ee eee een ee ee ee oe ere ee ee 
CL Gar Up: MAM 25:25 wie, wes aio 6 at a ia-re-o: been aie cote de ew ou0Ge odie erw ere 
DUS COI 5.256Wieo5s5e Wo 0 Wins a we.le leer ae lace Www oo ne ok ww 0-8 
Loading-station Operator ceccccccccccccccccsncccenecne 


Foreman @eeesvseoeoenoveeveeseeesveeeveeseeeaeoeseeeeeoeeseeoeeeseeveeeneeees eee 8 


~~ 
Co eee 


Total @eeeseeaoecoe@anvoeoea eeoesveeeveeesveeveeeeeeeeoseeoeeeeueaeeeeeveaesneaes @ 


A typical cycle of operation in a pillar section of this mine is as 
follows: 


1. Timber. 

2. Cut. 

3. Dust. 

4. Drill. 

5. Blast. 

6. Clean-up. 
7. Load coal. 


1. Timber. - Two crews of three men each set crossbars and props to sup- 
port the roof. After a fall of coal is loaded, the timbermen set two cross- 
bars supported by posts in the working place. Crossbars are set on 4-foot 
centers, and posts are set along the break line to prevent roof falls from ex- 
tending into the entries and crosscuts. The timber crew also recovers cross- 
bars and props after mining has been completed in each lift. 


e. Cut. - An 8-foot top cut and a center shear cut are made in the coal 
With a rubber-tired universal-type cutting machine equipped with a 9-foot cut- 
ter bar. The top cut is about 6 inches below the top of the coal bed. Water 
is sprayed on the cutter bar to allay the dust. Two men comprise the cutting- 
machine crew. 


3. Dust. The cuttings from the top and shear cuts are hand-shoveled 
away from the face to provide working space for the drilling crew. One man is 
assigned to the work. 


4, Drill. - Three holes are drilled near the bottom of the coal bed, two 
on the solid side and one on the gob side of the shear cut. These holes are 
drilled with electric auger-type drills mounted on trucks. The drill crew, 
which comprises two men, also drills holes in the fenders after the coal has 
been mined from the lift and before the fenders are blasted and timbers removed. 


5. Blast. - Coal is blasted with permissible explosive, which is deto- 
nated electrically. The holes are fired singly. 
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6. Clean-up. - Spillage from the previous cut is hand-shoveled to the 
center of the working place, where it can be loaded by the loading machine. 
Occasionally, loose roof rock falls on the coal in the fresh cut, and it is 
necessary for the clean-up man to remove this rock before the coal is loaded. 


7. Load coal. - Crawler-mounted loading machines are used to load the 
fallen coal into 7-1/2-ton shuttle cars, which transport the coal to loading 
stations. The shuttle cars unload onto an elevating conveyor that discharges 
the coal into 2.85-ton-capacity steel mine cars. Some of the cars are equipped 
with wood side boards to enable them to carry 3.5 tons of coal. 


Classification of Employees 


Classification ee Total 


Underground - mechanized units: 


Loading-machine operatorS .ccccccccccccccsccccscvcce 
Loading-machine helperS .rccccecesecscccvvecevvccces 
Cutting-machine OpOratorS .cccccccccccccsevcceccccces 
Cutting-machine helpers .eccccccnccescccscvcssceosens 
Oe wp: eee ee ee ere or eee eee ee ee ee ee ee eee ee ere 
SNOCL LPSVS: 556 cat anareece<e we ow oe 06 Rie We ee os oO wk eee eee 
SHUGCECLO={Car OPSVACOLS: 066.6 606 bs 66680 00 6400 e wes oe ees 
DEMIS PMNGSH: 2526 ised ru severe: o wie er ee ene ve ere w re Blew wera Sia eteane ee 
Loading-station operators ceccvecccvcccvecscecsevecces 
DUS CELS: | 66.0610 60 60 4:6: 00 © 616.0: 0:6 0.008 88 Ow bes 00 ae Owe OS 
CLEAN=Up: MOM: 96.66 és e660 0b 660 0066 6 Ww NUS Cee Cowes 


Foremen eeeeeeeeeveeveeseeeveesvseesvsese*eseseeeeoeeveeeeovseeeoeVeev ee eee @ 


Wn te 
WWW OO OW WW WM W WW 
Wn ~ 
WW WW OH QW WW W W WD 
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aes 
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Total @eeeoeevenveeeee0ensnee0780ee0e880080800800@8080868080080280828080808008808088080 0 


Other underground employees: 


MOGCOLMCN 45:5 tax) -6 oa cete ern ese a) 0 We 6 leo reap bree Sete eee a orew 
BROKGMOM: 56:55: 5ocere.ee w Sarees athe 6-0 e501 0-5 0)or sare ee wos Ow eee 
PEC ING: a. aig sieges do eee oOo SPW sw Oa Ww: Ole lewd eece eceugte eens 
MSCHaAM 1 CS ‘5.4: by ciervsite 6:0. tea by ore ose 0 te. 650.6 ace’ sree ee baie eee ee 
DISPECCHOVS® -ssco sees sre 6 0 Wee UNOS ENTS Owe eae ee eed 
TIA DOKSIS ” 65a ois: 6-6. 6a ae se we owas SSW le ow Oo Bee we Oe ee ee 
BYACCICO MAN: -i65: 5% w:i5) Seb 06 ese ww]. wee wore Weeiele Wleseow ee e-eler ace 


Pumpers eeoeseseeesvseve@e#seeeveeeeoeesoeoeeeeeeeeeeeeeoeseseeweseeaeeseoeee 8 8 
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(Nt NORFND FF 
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WET SMOM 5. a aoa 16, h:ch. oi 55 wee e Wei c o 9 WS we weet eee are 
DAC CHMCN: 5éi35.6ck:4 52 6c 0% eB OLS. Rl Ohw Grbse New OOSe www Oe) we ee 
BUDD Ly MEN aisraw.cececaeese- ww elw oie oie Weve eine OL Oxd Wb w w.W whew ese 
BOe COM: MOM ag65. 65, ioro ie cesessae oi eeiorel ele 6 cho bose, WR ew wie we sie e ere 
Mine TOremen:. wo seeievkieireie os 6 We Gees Si oe Seale hee ee ens 
Construction. LOremane -s:6ssw04 6.650.546 60's 0466 0.560 600 Os 


Total @eeeeseeoaweovoesvseweeeveeeeve@@eseesvsevseeeeeeaeeveeeeseeeeeees eee ee @ | 33 | 21 [ 14 | 


Total underground employees ...ccccccccccccccccces | OF | 75 | 68 230 
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Surface employees: 
Tipplemen @eesoeveveeveveeevoeeveeeeevneseeeveseeneveeveevevpeeeeve eee @ 17 LT = 34 


Hoisting engineers @®eesneeavoseeeoesseeaeveeesvseoeseveeesvnengeeneveeneve0ne @ 1 a or C 
See footnote at end of table on following page. 
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Shirtl 


Classification | Ist | 2d | 3d | Total 
Surface employees (con.): 

fs galt 0 oe gp oS al - err oe a eee er ear oe er 
Sand drier Cece e een ee caer erase ccscecceserecescesons 
YUCK: SOV IVOE ~ 6:05:55 6-60 w6-0'5ieeewreew0 bes e006 ssa eae 
TsGTU = MCT... ia vesie @:e:s0re ite wi wees 19s: Gr6ie. btave eis a Gee aue-ale orb eevee ete ers 
O72 age of =} 6/218 ba ag to =} ogre a mr er 
TIipplLe: MECHANLCS. 26 6.56.6.s-0:wsike bow ee e's wo wields oe Wale ees 
CAL DONGCH”  :5:6.6 e666 lace b06 6s oe 6. 0o Behe we ee wee eee ww 
MGCHAN1 CS: 5 ie's.c wes ie.0re-5-008 oie 6-0 bie ie 0 w 01040 6S Oe OES 
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Supervisory employees: 


DUPCTINLONGENC. 2.5. 0:6 6cec-avec esewce.evere 6:06 wank We ea eere w eecets 
OFL ECO: CSOT Gy: 5a sesielievei-5:0 eee 6066.0 wba NS Rw Ska a eer 
SUPDLY (CLOMKG: vos: psvere-ewie we eraue ew Ob wre ati Wiens oo aeew a wee es 
Maintenance: POremMan. 6-6: 6 se.sssew www wees 06 Ws ee Ke ee Ow 
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TOtdl CNP lOVOOS. i0io.svi sok be SAA eae e eee ew eae we war spss 296 
1/ lst shift: 7:00 a.m. to 3:00 p.m. 

ed shift: 3:00 p.m. to 11:00 p.m. 

3d shift: 11:00 p.m. to 7:00 a.m. 


OTD HB MW 


Summary 
Percent of mime mechanized ceccccccccccceseccncccccccscssesesesesrece 100 
Average daily production, Cond cccccccvcceveccseccsccsscvccsccescccves 2,730 
Average number of shift per day, mechanized units ..ccccccccccccccece 9 
Average production per mechanized unit-shift, tonS .ccccccccccccccecs 303.3 
Man-shifts per day, mechanized Units ceccceccccccvcccccccvcccceccseces 162 
Average production per man per shift, mechanized units, tons ....eeo. 16.85 
Total man-shifts per day, underground ..cccccrccccvcccccscsccccscscveses 230 
Average production per man per shift, underground, tonB8 ...eceeceseeees 11.86 
Total man-shifts, surface and underground .evecccccecesscccsvcecceess 296 
Average production per man employed per shift, tonS ...cccccccccceces 9.2 

Mine 50 


Mine 50, situated in central Pennsylvania, operates in the Lower Freeport 
coal bed. This bed averages 42 inches in thickness in this area and is over- 
lain by a stratum of carbonaceous shale, locally termed "black slate," about 5 
feet thick. The main roof rock immediately above this "black slate” is shale. 
A stratum of fire clay approximately 21 inches thick underlies the coal bed. 


The mine is opened by two drifts and a vertical intake air shaft about l 
mile inby the drift portals. One of the drifts is the main haulageway and in- 


take airway, and the other drift is the main return airway for the mine. A 
fan, operated exhausting, is near the return air drift and circulates about 
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70,000 cubic feet of air per minute through the mine at a 3-inch water-gage 
pressure. 


Operations at this mine are completely mechanized, and approximately 
1,800 tons of coal are produced a day in two shifts. 


Mining Method 


Mine 50 was opened in 1917, and coal was loaded by hand for about 20 
years. In 1940, all mining operations were mechanized and crawler-mounted 
loading machines and shuttle cars were installed. Annual production has 
averaged about 479,000 tons a year during the last 5 years. 


The mine is developed by multiple main, face, and butt entries, which 
comprise five parallel entries on 5O-foot centers. The center entry is always 
the haulageway and intake airway and is driven l2 feet wide. The roof is 
brushed to provide 5-1/2 feet clearance above the rail. The other four en- 
tries are airways and are driven 12 to 24 feet wide, depending on roof condi- 
tions. These air courses are driven wide in order that maximum tonnage may te 
produced during development and to provide ample space for the flow of air 
through the mine. 


Face entries are turned to the left off the main entries at intervals of 
1,700 feet and are advanced to the property lines. Butt entries are turned 
at right angles to the face entries at intervals of 280 feet and are driven 
1,600 feet. The panels of coal between butt entries are mined by the roon- 
and-pillar method, and the pillars are extracted. (See fig. 11.) 


Two mechanized units are used in each face-entry section. These two 
units develop the face and butt entries and mine the coal from the rooms and 
pillars in the panels. A mechanized unit comprises a crawler-mounted loading 
machine, a shortwall cutting machine with crawler-mounted truck, a portable 
electric auger drill, two e-ton battery-operated shuttle cars, one loading 
elevator, and one car spotter-hoist. At the time of this study, mining was 
conducted in three face-entry sections with six mechanized units operating 
two shifts a day. One mechanized unit operated three shifts a day. 


One of the wnits (called "A" in this report) in a face-entry section 
develops the face entries and turns the butt entries. When the face entries 
have been advanced 560 feet from the main entries by unit A, a set of butt 
entries is turned, and a second mechanized unit (called "B" in this report) 
is placed in these butt entries to complete the development of the panel and 
mine the coal from the rooms and pillars. A 100-foot barrier pillar protects 
the main entries. Unit A advances the face entries and turns butt entries at 
intervals of 280 feet. Unit B develops and mines the coal from the panels be- 
ginning at second right butt entry (fig. 11), assuming the first right to be 
worked out. As soon as the face entries have been driven 1,000 feet beyond 
the second right butt entry, development of the face entries is stopped. The 
crew and equipment (unit A) then begins the development of butt entries (thiri 
right, fig. 11) for the next panel, while wnit B mines the coal in rooms and 
pillars in the preceding panel (second right, fig. 11). After all the coal 
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Figure Il. - Mining method at mine 50. 
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Figure 12. - Pillar extraction at mine 50 
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has been recovered in the second right panel by unit B, unit A returns to de- 
velop the face entries, and unit B replaces unit A in the third right panel. 


Panels are 1,500 feet long and about 280 feet wide, and extraction in 
rooms begins at the face of the butt entries. Five rooms 24+ feet wide on 50- 
foot centers are turned at right angles from the outby butt entry and are 
driven to a depth of 245 feet, which leaves a barrier pillar of approximately 
35 feet between the room and the outby panel. Room crosscuts are driven on 
70-foot centers at an angle of 60 degrees to the room. The pillars or blocks 
between rooms are in the shape of parallelograms 50 feet long and 26 feet 
wide. (Fig. 12.) They are recovered on retreat before the next five outby 
rooms are developed. 


Pillar Extraction 


Pillar extraction begins as soon as the five inby rooms have been driven 
approximately 245 feet deep. 


A crosscut is driven through the pillars at the face of the rooms. The 
pillar line is established and maintained at right angles to the rooms, and 
pillars are extracted along this line, and the retreat is toward the butt 
entries. (See fig. 12.) 


Pillars are extracted by driving 22-foot cut-overs, as shown in figure 
le. The first cut-over is started 10 feet from the inby end of the pillar. 
This first cut-over is driven through the pillar at an angle of about 60 de- 
grees to the room, leaving a triangular fender approximately 10 feet on each 
side inby the cut-over to support the roof. Usually three cuts (1, 2, and 3, 
fig. 12), each 8 feet deep, are required to complete the first cut-over. After 
the last cut has been loaded and props have been set, an 8-foot slab cut (4, 
fig. 12) is made in the pillar along the rib of the cut-over. Occasionally a 
second slab cut is made along this rib, if roof conditions permit. Usually 
another cut-over (comprising cuts 5, 6, and 7, fig. 12) is started from the 
crosscut at the outby end of the pillar after the first slab has been loaded. 
This second cut-over is worked open-end. The coal in the triangular fender (8, 
fig. 12) on the inby side of the first cut-over and the small pillar (9, fig. 
12) on the outby corner of the block are recovered. The roof rock can be sup- 
ported without difficulty in most areas and the sequence of cutting often is 
varied. The mine props used in the cut-overs and along the break line are not 
recovered, but crossbars, which are used occasionally in the cut-overs and room, 
are recovered when possible. At times the weight of the roof becomes excessive, 
and it is necessary to abandon a cut-over before it is completed. When this 
occurs, the coal that remains in the pillar is recovered from the other cut- 
over. The roof rock is strong, and it is often necessary to weaken the sup- 
ports to break the roof along the pillar line. Falls are controlled, and 
little coal is lost as a result of squeezes or premature falls of roof rock. 


Chain pillars are recovered in the same manner that room pillars are ex- 
tracted, These pillars are recovered by the unit that develops the rooms and 


extracts room pillars. The first chain pillars are mined after the coal from 
the second 5-room unit is extracted, and these chain pillars are recovered as 
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far as the outby room of the first 5-room unit. Thus, chain-pillar extractim 
is always one step behind room development and room-pillar mining. 


In 1 year one mechanized unit can develop and retreat a panel approxi- 
mately 500 by 1,500 feet. Approximately 88 percent of the coal in the panel 
is recovered. A typical cycle of operation follows: 


1. Cut and timber, 
2. Drill. 

3. Blast. 

4, Load coal. 

1. Cut and timber. - The coal is undercut with shortwall machines equipped 
with 8-foot cutter bars. Pillar cuts are 22 feet wide and produce about 20 tons 
of coal per cut. Occasionally it is necessary to cut in the floor rock to 
attain enough clearance for the loading machines and shuttle cars. When this 
is done, the cuttings are loaded separately and wasted outside of the mine. The 
cutting machine is transported on a crawler-mounted truck. Two men comprise the 
cutting crew, These men also timber the working places. 


2. Drill. - The coal is drilled with an electric, hand-held drill equipped 
with a double, balanced-torque bit. The auger is 8 feet long, and the cuttings 
are conveyed through the hollow outer casing to an outlet near the motor. 

Holes are drilled in less than 1 minute each. Three holes are drilled in a 22- 
foot face. Two of the holes are in the upper corners of the face, and a third 
hole is placed in the center. All of the holes are angled upward, so that the 
inby end of the hole is near the roof. Additional timbers are set by the 
driller and the shotfirer. 


3. Blast. - The shotfirer and the driller work together. As soon as the 
driller completes his work, the shotfirer prepares the coal for blasting. Per- 
missible explosives detonated electrically are used in all parts of the mine. 
Four sticks of explosives are used in each of the holes. The middle hole is 
fired first, and the corner holes are fired singly. 


4, Load coal. - Crawler-mounted loading machines load coal into 2-ton- 
capacity, battery-operated shuttle cars. Two shuttle cars are used with each 
loading machine. The loading crew comprises an operator and a helper who hand- 
shovels the coal that the machine cannot reach and assists in tranmming the 
loading machine from place to place. A unit crew comprises the following men: 


Cutting-machine operator gsdduatn ieee eieaaueso rviais aereaye Gl 
Cutting=machine: Nelper® s:4sb0 6006.6 Ww 00.8 05 00 00 6 See eles 
DY TET OY seve. oreira testers eo: Ghee ei ove 6'e) 0.6 ave eevee wre ween we eee arereee 
SMOGL LECT g.s6 usin 6 wchie w ewe 6 oie Rio WO 0 Ok Se Flee See ee 
Loading-machine Operator .wcccccccvcccccvccccccccscece 
Loading-machine helper .cccccccccccscccccsccsecsccece 
WHULCLE=CAY Operators. 65's sise:4.6 6.0.60 bo eeu ew en ee oewe 
Loading=boom Operator cecccccsccsccccccccccsceseccere 


Foreman @eeeeeoeeeoeaeveeveeeevseoeeesvseaneevseevoee eve eeeveavneeneneneeaenene @ 


= eee 


Total eeoesseseeoeveeseeeeeveeveseeosveseesewvneveeew eevee eovneeanvneaevseo0eue es e0oe8 
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Classification of Employees 


Classification So Total 


Underground - mechanized units: 


Cutting-machine operators cecccccccccvcccccccvecsee 
Cutting -machine: Nelpers: sc.sese-< ess see ewes os t0 e600 ae 
DEPLLSVS: og: wee iasa'e ow o.05e 6 Woe W000: 616 We eee wR Kaw ae 
sisleipiig-14-mer eer a ee eee ee er eee eee ee rr ee ee a rare ee ee 
Loading-machine Operators wcccccccccccccceseccccces 
Loading-machine helpers caccccsccccccccescccccccces 
Shuttle-car Operators cveccssscccscvcccessssevesees 
Loading-head OperatorsS .cececcvecccccccccsavescevcces 


Foremen eeeeoesvoeeevoeveseseeeeveeeeveeeeeesvseeespeeweeeaeoee~eeoeeeeneee 


OJON ON MM ON ON ON ON ON ON 


Total eeseoocoevoeesveceaseeeaseseeesveeveeseseesesevoeeeevneeoneeaeeswnseeanee ese @ 


Other underground employees: 


PIO GOR MO: sco h)o ceca el 6 Se: oresies W686 06 ee Brera re Se we, 6 bw lee 
MOC HANG GS® 46.x5'e eh eared a ols Wee 6 See Sa es OO SS wees 
Mechanics TeIpCrs:. 1::iisesd ose we www ware Oe aes woe OOS 
WEE SMIS 11 5) 55.16 5sca: a uitu: 25 Wow wlwicws Ws 0506 6 ae aww ecw wea 6 wl oe we 
Avie =} eee eee er a ee ee ee ee ee eer ere eee ee ee ee 
PT DOMON | 6a ew 54:4: ow wo 0 6:00: 0e 0.06 Wei 6 0:0 N00 Si we we es 
EVACIRMEN: 1575 65: oe ceicarw oo were Weve brws 10 w:atereeie a: Wee 0-0. ome 8 a oe 
LIND C TING M:: vai evia. eine cow. w w, 6:6 ew Wee are 6 080 0620 aloe tae Stace -b16 eee 
BraGerece Men: sius.e srs 615-4:6:0 6 Were O68 Bee ON he wees 
HBLCCUrL C1 ONS: sevi6 0.6 Ws 6s. ww avene8te- 6516 6 wie 6.6 WOO 4E.e Ok Oe ele 
SUPPLY MEN os06 6605-6 Ow Oh WO Os oO shaw ONO 08 CSO HO 
ROCKMCE (6:54 aca w Sew eae ee Sw ere OOS ww lk We eater eee ee 
Mine. POreMAN. 2c 30.60 Sues a oars diese eae ceaeues 
ASSISTANT POLSMCN: vc oes oisw.6 W606 68 0200 b we 6 O08 eww OS 


PrN FF FMD PW OVO 


ONO OANFD FOOFAN OV 


NO 
k1CO 
e 


Total underground emplLOyeesS .wccccccccccccseveees 97 


Surface employees: 


SUPCYINCENGSNE. 6.6 ss oe S04 wie bbs blew Ole See we ee ee Cele ewes 
Old eer rrr eT ee eee eee ee ee CT ee ee eee ee ee 
eto hel-(- ger re ee ee eee ee ee ee ee ee ee ee ee ee ee 
TDL DD LOMCM: \eacus ae: s:.6:-6 we we a recess wa whale eS wera we awe © Oca ace 
SANG. GLYCY 6 60:654.66 06s 6 0's 60 0.600.860 6 010.00 000 0 8 0608 we 
Car TEPALIMON ccceccvccncecsceccsasecececesesecsecs 
TUCK ArT VCLS: 6.5 wiere o-05,6 wie 6600 0% 0:50:00 Ho Ce eee wee wee 
Blacksmiths ceccccccccccsccsvccsecesececccevctasssce 
Yard POLEMCN cccccccsecveccvvveeecsseevssenveceves 


Total eeoeoevseeveva ean evoevoeeveoev4aveoevoeve ee oan eoevneeaeneweenene7eeeececelcelcetlcle Oe es ee 
Total emplo ees @eeeeeoeeev,evee@eeoesvseeesvsseoeeneaee0eegee28008080 8 | 127 | 112 | 30 | 269 


Summary 


= 
PRRPWPONH PH 


MONMMWR ONNKF 


Percent of mine mechanized .rcceccecceccvccccvcscscccesccresesescesece 100 
Average daily production, TONS crcececcevcccccccvecvesereeveseesscves 1,800 
Number of mechanized units @eeeeeaeeoeeveev@esvsevesesseeeeseeeeasevpsesewveeeeeseeeweeeoeneeoee@ @ 
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Average number shifts per day, mechanized unitS ...ccrccccccccccvcesce 13 
Average production per unit per shift, tonS ...cccccccccccecccccesese 138.4 
Man-shifts per day, mechanized UnitS cccccveccccccvevccvecevccssccece 130 
Average production per man per shift, mechanized units, tons .....0.. 13.8 
Total man-shifts per day, underground ..reccccccsccccccsccccseccccces 216 
Average production per man per shift, underground, tonS ..ccccsnecccee 8.3 
Total man-shifts per day, surface and underground ....ccccccccccccces 269 
Average production per man employed per shift, TOnS ..ccccccccsreccvece 6.7 
Average tons of coal per Mine PFOP ceccecccncvccvccccscscccssecsscccses 3.5 
Mine 51 


Mine 51 is in central Pennsylvania and operates in the Lower Kittanning 
coal bed, which averages 28 inches in thickness in this area. The coal bed is 
overlain by a stratum of hard shale, which provides a good roof, and the floor 
rock comprises 18 inches of hard, smooth shale underlain by fire clay. The 
shale floor rock is very irregular and contains numerous rolls, which protrude 
into the coal bed. In most places the rolls are small and do not hamper the 
movement of men and equipment, but occasionally these rolls are large enough 
to restrict passage of men and materials. When this condition occurs, pneumatic 
pick hammers are used to cut through the rolls to provide the necessary clear- 
ance for mining operations. 


This mine is opened by a vertical hoisting shaft 507 feet deep and a ver- 
tical air shaft. Approximately 50,000 cubic feet of air per minute is circu- 
lated through the mine by a blowing fan. This mine is rated nongassy. 


Approximately 70 percent of the coal is hand-loaded onto conveyors; the 
rest is hand-loaded into mins cars. The average daily production is about 50 
tons. Mechanized sections operate three shifts a day and the hand-loading 
sections one shift a day. 


Mining Method 


This mine was opened about 40 years ago and was developed by the room-and- 
pillar system of mining. Coal was loaded into mine cars by hand. 


Originally the mine was developed in the Upper Freeport bed of coal. 
Later, the hoisting and air shafts were sunk to the Lower Kittanning coal bed, 
and until 1942 mining operations were conducted in the Freeport and Kittanning 
beds simultaneously. At the present time, mining operations are confined to 
the Lower Kittanning bed. 


In the hand-loading sections of the mine the coal is top-cut by track- 
mounted arc wall machines equipped with 10-foot cutter bars and drilled with 
hand-auger drills. Permissible explosives are used to break the coal, which 
is hand-loaded into l-ton mine cars. The bottom rock is brushed in all work- 
ing places to provide about a 5-foot clearance. 


Coal in the mechanized sections of the mine is mined by two methods. In 
one the coal is top-cut by cutting machines equipped with 6-foot cutter bars 
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and drilled by compressed-air drills. Permissible explosives, detonated 
electrically, are used to blast the coal. The coal then is hand-loaded onto 
conveyors, which discharge into l-ton mine cars placed in the butt entries. 
In the other method the coal is broken from the solid by pneumatic pick ham- 
mers and hand-loaded onto conveyors. 


Both chain and shaking conveyors are used in the mechanized sections of 
the mine. Coal is loaded onto chain conveyors at the face and is discharged 
onto a shaking room conveyor, which transports it to l-ton mine cars in the 
butt entry. Trolley locomotives transport the loaded trips to the shaft 
bottom. 


The mine is developed by multiple main, face, and butt entries, which 
divide the unmined area into panels approximately 1,450 feet long by 340 feet 
wide. (See fig. 13.) Face entries, in sets of three, on 60-foot centers are 
turned from the main entries at intervals of 1,450 feet and are advanced to 
the property lines. Butt entries in sets of two on 60-foot centers are turned 
90 degrees from the face entries at intervals of 340 feet and are driven 1,450 
feet to another set of face entries. These butt entries are developed before 
rooms are turned. 


The middle one of the face entries and the outby entry of the butt entries 
are haulage roads. These entries are driven 14 feet wide and are bottom-brushed 
to provide a minimum vertical clearance of 5-1/2 feet. The other entries are 
airways and are driven 20 feet wide. These airways are not brushed, 


Entries are developed by two units. The first advances the headings into 
the coal, and the second, which works approximately 300 feet outby the face of 
the headings, brushes and prepares the haulageway. Coal is hand-loaded onto 
chain face conveyors, which discharge onto a shaking conveyor in the haulage 
entry. This shaking conveyor transports the coal to mine cars placed near the 
end of the brushed haulageway. The bottom rock in the haulageway is drilled 
with pneumatic drills, blasted with explosives, and loaded by hand into mine 
cars, 


Pairs of rooms 40 feet wide, on 70-foot centers, are turned 90 degrees 
from the inby butt entry and driven to a depth of 300 feet. Two rooms are de- 
veloped simultaneously, and the 30-foot pillar is extracted before the next 
outby pair of rooms is turned. A 10-foot pillar, which is not recovered, sep- 
arates each pair of rooms. (See fig. 13.) 


A unit crew in the mechanized panels comprises 10 men. In the sections 
where top-cutting machines are used, the crew is classified as follows: 


Cutting-machine operators (1 in each room) .ccccceces 
Cutting-machine helpers (1 in each room) ..cccseccoes 
Loaders (2 in each room) cecrcccccccvcccccvcceseccces 
BOOM MAN socccccccsecescccceserseerecrsesevsesscessces 
FPOPEMAN .cccccccccccrveve sce eeereceseesereneseseevecs 


Total eesoeoeevoeoenvoeeceveevoeeaevs oe ees eovoeeaeveeeoeeveeseevoeseseeeseoeaeae ee 


Ble Hem 


Coal from the two rooms is transported to a cammon loading station operated by 
One boom man. 
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In sections where pneumatic pick hammers are used, the crew comprises the 
following: 


Pick-hammer operators (2 in each room) ...cccceseccees 
Loaders ( 4 in each room) @eeeoeoeti eeoeenveeeeeseaneenvneee77nse 8 6 @ 
Boom man @eee0eeoeeseeaeeeeeeseeeve@esoeeseeenmeoaeesneaseenmeaeaeeeeueaneeeeeeee @ 8 


Foreman @eeeeoeeeoveweevee*eseeescesvaeeeeesesvneeweoesve*eseossvneeneaeen 000868 0 0 


Ble pee 


Total eepeseecevovoeveeeovoeaeseveeeseaeeve@oses ceoveeevnesenvnese~svseeeneeeveaeaceeee 6 8 


The loaders and the pick-hammer operators alternate during the shift. Recently, 
automatic car spotters and car loaders were installed in some of the pick-hammer 
unit sections, which eliminates the need of a boom man. The automatic "boom boy 
controls loading and spots the cars under the conveyor boom. Eventually, all 
mechanized sections will be equipped with these automatic car-loading units. 


The coal in all mechanical sections is hand-loaded onto chain-face con- 
veyors, which discharge onto a shaking conveyor along the left rib of the inby 
room. Chain conveyors transport the coal from the face of the outby roon, 
through crosscuts, to the shaking conveyor, which discharges the coal into 
l-ton mine cars. (Fig. 13.) 


Pillar Extraction 


When a pair of rooms is driven 300 feet to completion, the equipment in 
the outby room is stored in the butt entry and the equipment from the inby 
room and the entire crew of eight men is employed to extract the 30-foot pil- 
lars between the two rooms. Crosscuts driven on 7O-foot centers separate the 
coal between the rooms into four pillars approximately 30 feet wide by 55 feet 
long. Successive cuts or lifts are taken off the pillars along a 45-degree 
face, and the coal is mined open-ended. Timbers are set on 4-foot centers 
across the rooms and along the pillar face. (See fig. 13.) The pillar face 
is approximately 42 feet long. Successive lifts are taken until all of the 
coal is extracted from pillar A. The lifts in the pick-hammer sections of 
the mine are 5 feet deep, and those in the sections where the coal is top-cut 
are 6 feet deep. All of the equipment is retreated as extraction progresses. 
Pillars B and C are extracted in the same manner as pillar A, except that a 
stump 6 feet by 30 feet is left at the outby end of these pillars to support 
the roof. The stump is not recovered. Pillar D is extracted to the room neck, 
and this stump is recovered with chain pillars. The roof rock in this mine is 
strong and often remains unbroken after the coal has been extracted from a 
pair of rooms. 


The chain pillar between butt entries, the 40-foot barrier pillar between 
the room faces of the preceding panel and butt entries, and room-neck stumps 
are extracted by the room crew to within approximately 240 feet of the outby 
working pair of rooms, 


A typical cycle of operation in a pneumatic pick-hammer section of the 
mine is as follows: 


1. Set conveyors and timber, 
2. Break and load coal, 
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1. Set conveyors and timber. - The face conveyors are set approximately 
1 foot from the face. When the face is advanced 5 feet, the room conveyors 


are extended. The crews are responsible for extending the conveyors serving 
their rooms. Timbers are set on 4-foot centers along the face. These tin- 


bers are not recovered. 


2. Break and load coal. - The coal is broken from the solid by pneumatic 
pick hammers and is hand-loaded onto chain conveyors. A room crew comprises 
four men - two pick-hammer operators and two loaders. These men alternate 
Jobs at regular intervals throughout the working shift. The face is advanced 
5 feet before the conveyors are moved ahead, 


A typical cycle of operation in a section of the mine where the coal is 
top-cut by machine is as follows: 


1. Set conveyors and timber. 
2. Top-cut. 

36. Driii. 

4, Blast. 

5. Load. 


1. Set conveyors and timber. - The face conveyors are placed about 4 
feet from the face to provide clearance for the cutting machine. Face conveyors 


are moved forward each cut, and the room conveyors are extended. Timbers are 
set on 4-foot centers along the face. 


2. Top-cut. - The coal is cut in the top of the bed with cutting machines 
equipped with 6-foot cutter bars. There is very little clearance between the 
top of the machine and the roof, and conditions sometimes occur that necessi- 
tate brushing the bottom to provide clearance for the cutting machine. This 
machine is designed to operate where the coal bed is 28 inches thick. When 
bottom rolls, which are common in this mine, are encountered, they are removed 
with pick hammers to provide clearance for the machines. Cutting begins as 
soon as coal from one side of the face has been loaded and proceeds across the 


room as the coal is loaded. 


3. Drill. - Pneumatic drills are used to prepare the face for blasting. 
Usually four holes 5 feet deep are drilled near the bottom of the bed. 


4. Blast. - The coal is blasted with permissible explosive, which is 
detonated electrically. Each hole is charged with 1 or 1-1/2 sticks of explo- 
sive and fired singly. The coal is friable, and a minimum of explosive is 


required. 


5. Load. - The room crew (four men) loads the coal after it has been 
blasted. The cycle of operation is continuous, and often cutting, drilling, 
and loading are carried on simultaneously along a room or pillar face. 
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Classification of Employees 


Classification =r Total 


Underground - mechanized units: 
Men on pick hammer CYeEWS cccccccccccccecccesccesccens 


Men on machine crews @eeesveevoeveeeovoeeseevnoeoeeeaeoneaeseseoeoeen ee e4eaeoeae ee 6 
Foremen @eevoveeevsoevesvseeoeaeeseevoevnee es eoevnevneeevoevn evn eevneenn een eene ee 8 8 @ 


Total @eeeoeovoecevoea sceoeoeoeoevneeeoesveespeoeaseveaoseeeceoseseoenoeaeanene ee ee eee 8 


Other underground employees: 


Motormen eee@oeeaeevoeaoeeaeeoeeeeaoeen oeoeveeeevn ove eee eeeveeVnee 80 ee e828 ee 
Brakemen e®eeeoosoeeeoeueveeeoeeeseveseseseeseeevoeeeseeeesevoeseseeseaeeeseseee 


Wireman @eeoeeoeeeoeseaseeaosoevnse“7eosee72eenn ene eee ee eeelcetlceclcOCorleclcoeUlchthlUcOlU 


BYacULCe “MAN” 4, sw e2ece ee weave meee a oloe ewe wie erase oe Woe el ew.e eee 
PEMD IC POC UM, *-16ar5-s6r incase Sino) owes Bue wee w Ze Wak Wie Ww 6 as WOW ene ee alee we 
TRO KING -atis.sbecesorta vaiac arco Oso te vee ee 0 Sir. wee 0 Oe eGw WL ereie oe eS @ eres os 
NYG MOTD. 0 75:"d edie eseave ete bb tee Bes Ow aS Se we Oa we eee 
IGE OKCLES «5.5.5 S hua ese wee eewin new ea oo ne oS 4-06 8 e-w e w1ae  e  we 
)(cgelsmgitsho meer eer sae eee ee ee ee eee eee ee eee ee ae ae er 
WOPSMCN. 6k 6.6 .0:56:4 650s CAA Whee CO 646 WOES COSC aS 


Total e@eesaeeveeeosseeveeeeswvweeveevee@e@eeoeveseeeveeasvseweseseevoeaeeeeneee 6 


Hand loaders, nmonmechanized SectionS wecrcccevececcecccce 


Total underground employees eeevreeoeeeeeeeeoeeen eee 


Surface employees: 


SUPCVIntendent weccccvcsvcessesecevevevneresesessacens 
Weighmaster .eocecevcceosccccccvesevscccvcccvcecescens 
ck y) reer err eT ee ee ee ee ee ee ee ee er ee ee are eee eee 
Hoisting engineers csscsecsveccevvesesesevensensscves 
Railroad-car handler wccccccccscnsccvcessenecesceenes 
Slate pickerS  .ecscccsvccesccsessevcccccscsecesseseces 
lpi glitsho rene eee ee ee er ae ee etre er eee ee ere ee ee ie ae 
BLACKSM 1 CH 6 sce :o cies a6 rea: bese 0:60 Wie w 06 8 08 6 00 eS Sew eee 0 
CAYPENTESY wcccaccccccccccecccscsccccccesesseceseseece 
Coal ANSPECTOL ercccccccccevnvsesecsecssseccseeseeeves 
CAZOL : 600 bb 6:00 0 0660.6 6.6 8 06 60 606 06 600,006 6 0 00 644s 0 6 0 6 86 
HELPCY cc ccecesevcccccerescsscstseesaceccveveesececece 
Greaser And COUPLEL ceocecveccccccvescccscscvceseccces 


Pumpers @eeeeovo0easvseveade8ecvee202000020028028080808080800280060008008088080808088880 


Shop foreman eeeaanvuevoeeaesvoeeveeeneeeaeevneveneaene eee eaevneee eee eee 6 6 


Total eeoeceoeeeseeneeeeoeeeoeneeeeneeeneereeseeeeeeeeeaeeeeeeee a) ae 
Total employ VECS caecccescceeeeeseeeseevesseres eevee ae ae 


Summary 


ak 
1 
1 
2 
1 
2 
1 
1 
1 
1 
1 
1 
az 
1 
1 


NS) (SP 


Percent of mine mechanized eeeeveeovseovseeseeneoeeveeaeseeeevsveeevae ee eeveeevaV0nea4eneneeeee 
Average daily production, mechanized units, tomS .ccsccrcccvccvccecvece 
Average daily production, hand loading, tComS .cccccceccevcccvccccesees 


bh Uo 
Nola 
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Number of mechanized units (1 top-cutting; 1 pick hammer)1/ .......... 2 
Number unit-shifts worked per day cecccccccccccnccccsccccccvesnessececs 6 
Average production per unit-shift, tonS.cccccccccccsccccccseccccccevecs 62.5 
Average production per conveyor -Shift, TONS ceccccecsvcecsecvvecsccere 31.25 

. Average production, pick-hammer units per shift, tonS .ccccccceveccecs 162 
Man-shifts per day, pick-hammer UNitsS ..cccccccccccvvcccscvcccesevvecses 2p 
Average production per man-shift, pick-hammer units, tonS ..cccccccoce 5.6 
Average production, machine cut units per shift, tonS wercccccccvececs 213 

. Man-shifts per day, machine cut Units crccsccvccscccvcnsvcsccessscccces 31 
Average production per man-shift, machine cut units, tons ..cccccscecs 6.9 
Man-shifts per day, mechanized units, underground’/ .......ccccccceces 82.4 
Average production per man-shift, mechanized units, underground, tons. 4.6 
Total employees charged to mechanical wnits3/ ..ccoccccccccceccccccees 97 8 
3.8 


Average production per man employed per shift, mechanical units, tons. 
1/ One unit comprises two conveyors. 

2/ Other underground employees chargeable to mechanized production - 22.4. 
3/ Total surface employees chargeable to mechanized production - 15.2. 


Mine D2 


Mine 52 is in west-central Pennsylvania and operates in the Lower Kittanning 
. bed of coal, which averages 38 inches thick in this area. ‘The coal bed contains 
two thin bands of marcasite less than 1/2 inch thick (one near the top and the 
other near the bottom of the bed) and a thin shale parting approximately 7 

. inches from the bottom of the bed. These partings are mined with the coal and 
are removed in the surface cleaning plant. The strata immediately above and 
below the coal bed are carbonaceous shale and hard fire clay, respectively. 

The carbonaceous shale, which is about 2 inches thick, spalls and usually falls 
with each cut of coal. When this occurs, the shale is removed from the coal by 
hand and is gobbed in the mine. The principal roof strata comprise 15 to 30 
feet of hard shale overlain by sandstone. This hard shale and sandstone pro- 
vide a good roof throughout the mine, although main haulageways and air courses 
must be timbered carefully. 


The mine is opened by a drift, an intake rock air slope, and a vertical 
return air shaft about 4 miles inby the drift portal. Approximately 102,000 
cubic feet of air is circulated per minute through the mine by an exhausting, 
centrifugal fan located at the return air shaft. 


An average of 2,100 tons of coal is produced per day in three shifts. The 
mine is 100 percent mechanized. 


Mining Method 


| Mine 52 was opened in 1915, and the coal was hand-loaded into mine cars 
for many years. In 1940, mechanical loading equipment was installed, and 
operations now are completely mechanized. 


Several systems of mining have been tried since the introduction of the 
mechanization program to determine the most efficient method of recovering 
coal, At present, the room-and-pillar system of mining is practiced, and pil- 
lars are extracted. The coal face is prepared for blasting with post-mounted 
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electric auger drills and shortwall undercutting machines equipped with 6-1/2- 
foot cutter bars. Permissible explosives, detonated electrically, are used to 
break the coal, which then is loaded into e-ton shuttle cars by crawler-mounted 
loading machines. The shuttle cars transport the coal from the face to loading 
stations, where it is discharged directly into 4-ton steel mine cars. Mine 
cars are spotted for loading by a hoist controlled by the shuttle-car operator. 
Loaded trips are transported to the tipple by trolley locomotives. 


The mine is developed by multiple main and butt entries, which divide the 
areas to be mined into panels 3,000 feet long and 650 feet wide. Main entries 
are driven in sets of four on 50-foot centers, and butt entries, in sets of 
six on 50-foot centers, are turned 90 degrees to the main entries at intervals 
of 1,400 feet. Butt entries are driven 12 and 14 feet wide for a distance of 
3,300 feet to the inby end of the panel. The haulage entries are 12 feet wide 
and are bottom-brushed to provide a minimum vertical clearance of 5-1/2 feet 
above the rail. Air courses, which are 14 feet wide, are not brushed. (See 
fig. 14.) 


Butt entries are developed by a conveyor unit, and rooms 14 feet wide are 
turned at right angles to the inby butt entry on 60-foot centers as butt en- 
tries advance. After six rooms have been turned, an operating unit comprising 
nine men, a crawler-mounted loading machine, one shortwall undercutting machine, 
one post-mounted electric drill, and two battery-operated shuttle cars is en- 
ployed to develop the rooms and extract the room pillars. Rooms are developed 
and pillars are extracted in the inby panel (panel A, fig. 14) as the butt en- 
tries advance, and in the outby panel (panel B, fig. 14) on retreat from the 
butt entries. Adjacent panels between the butt entries are separated by a 
barrier pillar ranging in width from 50 to 100 feet, depending on physical 
conditions in the panels. The width of this pillar is determined by the eleva- 
tion of the room faces in each panel. If the outby panel is higher, the pil- 
lar separating the room faces is approximately 100 feet wide to prevent the 
flow of water from the worked-out panel into the operating panel. If the two 
panels are approximately the same elevation, or the worked-out panel is lower, 
the barrier pillar is about 50 feet wide, and some of the rooms of the operat- 
ing panel are driven to the worked-out area. Consequently, the depth of rooms 
in a panel adjacent to a worked-out area ranges from 650 to 700 feet. Barrier 
pillars 300 feet wide separate the panels from the main entries. It is 
planned to recover these pillars on retreat from this section of the mine. 


Pillar Extraction 


Experience at this mine has shown that the most efficient performance is 
obtained by advancing six rooms and retreating on three pillar faces. Thus 
there are at least nine working places per unit at all times. 


The coal between rooms is divided into parallelogram-shaped pillars, about 
46 feet long and 46 feet wide, by crosscuts driven on 60-foot centers. (See 
fig. 15.) These pillars are mined by taking successive 6-1/2-foot cuts off 
the inby end until the coal in the pillar has been recovered. The last two 
rows of pillars (E and F, fig. 15) in each set of rooms are not recovered un- 
til the next set of six rooms (rooms 63 to 68, inclusive) has been driven to a 
depth of 300 feet. These two rows of pillars protect rooms 61 and 62, which 
are shuttle-car roadways, until the pillars of the preceding rows have been 
recovered, 
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Figure 15. - Pillar extraction at mine 52. 
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Pillar extraction begins in pillars 1, 2, and 3, row E, and is timed to 
assure effective roof control. The sequence of cutting in pillar extraction 
is shown in figure 15. The first six pillars are recovered in row E, and then 
mining is begun in the first three pillars of row F. Thus, pillars 7, 8, 9, 
and 10 in row E and pillars 7, 8, 9, and 10 in row F are mined together. This 
order of pillar extraction is Pollowed throughout the mine. This system estab- 
lishes a pillar line approximately 70 degrees from the butt entry course. Op- 
erations are planned so that six rooms always are advancing ahead of pillar 
rows that are being extracted. 


In order to protect the workmen from roof falls, it is essential that 
three or more cuts remain in the inby pillar when the last cut is made in the 
most outby pillar in the row. For example, in figure 15, pillar 2, row E, 
has three cuts remaining when the last lift is taken from pillar l. The sec- 
tion foreman is responsible for maintaining the proper timing schedule, 


The roof rock is strong and usually remains wnbroken until a row of pil- 
lars has been mined. The first six rows of pillars in panel A in figure 14 
can be removed before the roof rock breaks. After the first fall, succeeding 
falls usually occur after each row of pillars is removed. If the overhanging 
rock does not break after one or two rows of pillars has been removed, bottom 
heaving is likely to occur in the unmined pillar rows. When the bottom 
heaves, a great deal of trouble results because ofthe limited clearance be- 
tween the machines and the roof rock. When excessive top pressure from over- 
hanging roof rock occurs, it is often necessary to weaken the supports to get 
a fall that will relieve the weight. 


Falls are well controlled and little coal is lost because of premature 
falls, The crosscuts between rooms are staggered (see fig. 15) to prevent 
falls from extending through the crosscuts. In this method of mining, diffi- 
culties occasioned by roof pressure and water are encountered in the inby end 
of panel B adjacent to the worked-out area. However, mining is on retreat 
from this area, and the effect of these difficulties is minimized. 


Over-all recovery at this mine is approximately 75 to 80 percent. The 
recovery in panels is about 95 percent. 


A unit crew in a room-and-pillar section of the mine comprises the fol- 
lowing men: 


Drill ‘ODEPAGOM ééceteié isis aaa le wiecore wie aie alee ser sia eee 
Cutting-machine Operator cecocccsvesevcccccccscecces 
Cutting-machine helper .ccccvccccsesvccscsccssacece 
DHOCE LOI wee. 45 aicc wince Sie rw wie Gla se w ie ele Wiase aw aioe e Sreeces 
Loading-machine Operator cecceccccvsvvcccccvvccere 
Loading-machine helper ...ccccccccccvvcccvesesvces. 
Shuttle-car operators ceccccccvcvccscsescceneeece 
Timberman (first shift only) ..cccccccvescccecece 
FOTOMAN secooccccccccssvccccseccecssescesseseceses 1/2 

TOCA: Sexsee:iare: oi 6ieie 6-40 are: -as a 6 ane 0a We We We ae ace aes 9-1/2 


nO ee ee 


3180 S307 


Google 


I. C. 7527 


The cycle of operation in a pillar section is as follows: 


iL, Drill. 
ec. Cut and timber. 
3. Blast. 


4. Load coal. 


1. Drill. - The coal is drilled with post-mounted, electric, auger-type 
drills. Eight holes, on 5-foot centers, are drilled near the top of the bed 
at an angle to intersect the carbonaceous shale roof. The drill post is 
mounted on a sled, which can be moved from one hole to another without remov- 
ing the drill. This type of mounting enables one man to handle the drill. A 
rubber-tired, cable-reel truck transports the drill from one working place to 
another, 


2. Cut and timber. - The coal is bottom-cut with shortwall cutting 
machines equipped with 6-1/2-foot cutter bars. These machines are transported 
on crawler-mounted trucks. Two men comprise a cutting crew. They also timber 
the places before and after cutting. The pillar faces are open-ended, and the 
undercut is approximately 46 feet long. 


3. Blast. - The coal is blasted with permissible explosive, detonated 
electrically. Usually one stick of explosive is placed in each hole, and the 
holes are fired singly. 


4, Load coal. - Crawler-mounted loading machines load the fallen coal 
into 2-ton shuttle cars, which transport it to the loading station and discharge 
it into 4-ton steel mine cars. Two shuttle cars operate with each loading m- 
chine. Occasionally, when long hauls are necessary, three shuttle cars are used 
with each loading machine. The shuttle cars are powered by storage batteries. 
Four men comprise a loading-machine crew: lLoading-machine operator, loading- 
machine helper, and two shuttle-car operators. 


Classification of Employees 
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Classification | Ist | 2d | 3d | Total 
Underground - mechanized units: 
DEIN Operators: 660652 ecs cwis ose Caiee-owewawawceee wanes 6 6 6 18 
Cutting-machine operators cecccccccccccccvccccccccce 6 6 6 18 
Cutting-machine helpers .rceccccccccccccescccvcccecce 6 6 6 18 
SHOULIT Ero: 34,3464 oo wealicd ce niawiiies weenie waweeterees 6 6 6 18 
Loading-machine operators cecccccccccccccccccccevece 6 6 6 18 
Loading-machine helperS cecccccccccccsccecccccsccece 6 6 6 18 
Shiuttle=car Operators. hiiwst-2iea6a0bseenseeeusecaee| 22 | 22: 1-12 36 
MAM STMENM: %iveseie cused gueiwcetearaee-o ee ane SW race SW OS RES ESE 6 - - 6 
WOVEWCM 4.55 obo -cbweleie ede ae Soe sean oe Se Rae Se mn 2 2 8 
CONVEYOR MOM: 6566 se-6:deeersew bed eS e he ede se eee aawees 8 8 - 16 
TOLH]. satis were sshuvess eae suuweeuseweeeweekawcsew tl 60> 155 1-50 17 
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Classification 
Other underground employees: 
Mecha LCS: sic.cuniseo5.6 beers cows Nae awe ee wae meee 6 
WITCMON: 5:0 5576-000: 6 6G 0le Gi oe Wi Giese ale Gres. 06 4 wae e See Oeces e 
pba ag Kew. 101 =) a Rear ee a ae aoe mee  ae oa  e ara ee 2 
TimbGrmen' <0 decease ie ewsieeteuweseae wees eee wnweee 6 
TaD OOPS es5iteo25 re eae a0 ern aor Wis lear we Gr6cs Wace are oieie Saree Oe 8 
SUD DALY MOM «a5 crate wie e066: esee! i 105 6ite6 016, 5b or ee baie bate ee ws = 
MOGOXIMOCN «5:55. 40i5:'6.c0. bw 0.0 65:0) 60-6 60 le! Wie 00016 6-0 ee OS is O02 Ke es 3 
BYaKGmien :. xcoyS0 6a ecbve.wees@ ww oe avere We o0 Wee Gi We 60.6 a eH ace Ose 1 
Qiu jer eer rere ee eee ee Pee ee eee ee ee ee ee eee eg 1 
PIC DOSS: 1é:65:4:5:6.4 es0ere e016 6:5 WW 0w 06S ele erw wie iae eae Wereee 1 
ROCK “QUSCECTS: -k:c.sdeae wie o4sia ee 5 6G wie bd Ose esene ewes e 
ROCMMOCN.. 4.4000S04.0. 555 Ck. o be stews hoses 008s sae eee. 4 
Mine “f OTreMan, 6:6 26s 4-6:0os ha res Bie WOO eel Cae ek eae eS 1 


Total @eeeeaeecsoeaeseoe@ea@seaesesseeaesveseceoseseeeweeeceevaeeeeseeeo0e0e00e2e8680 86 


Total underground employees .eccccccercccccccccccce 


Surface employees: 


SBUPETINGENGSNG., 6:6 se 6:c Swine 050566: 6 64 VOWS eh eas 
WET GHMASTCR so csieciire:4.ciene 6 erace 0 6s W aierai ore oe eiw oa S10 018 6 woes 
CLOTS. care wabyece-0 6-050 wee arte Gr6 0 wiS 0-616 600 S55) 6.00 bee a nrereresare-e 
Ratlroad-car handlerS sesccccscccvvscccveccscvssccsscsecs 
BIGCKSMI CN: Givi eco sierare oles Siew ewe OW 64 Sse 0 SOON RO wes 
CA&YDENCOL: oivec6e 6'6 6:0 00 6 0.6.0 0 0G W080 0.06% 6 006 e686 e wees 
LAMP MEN coccceccccncceaseeveseereesesseeesscseseves 
Car TEPALIMEN > 6 w v0 wvdwe.6-6.6 6666. 0.60. 0%. 0:60.00 WS HOO 8 we ewe 
VOrd “SUpDLY “MOM, so saie65b dose © WSs 40 ee ew Weta oe wees wee ees 
TIPPLEMEN acccvccvesseccccvsscsesenesseesesesecesece 
Yard TOPCMAN: 6:66 9 4.s:4:4. 0 e esaae 6:00 556. 0:0 0000 60006 OES 60 Os 


} 
OPO ND RPP HP HWP BH 


Total eeeeoereeee eae eee eoeeesneseseeeseesteneaeeeeeeoes a9 Is to 
Total employ COS ceeovcccccccssesceseccscvesccescccce 1132 | 90 | 63 | 


Summary 


Percent of mine mechanized crcccecccccccsccccccccvccccscsccceoce 
Average daily production, mobile machines, tonS ..cccrrcccees 
Average daily production, conveyors, TONS weccccrccccccccces 

Total average daily production, toOnS ceecccreccccccccceccceccece 
Number mechanized units, mobile machineS ..ccccccncccvccccces 
Number mechanized units, CONVEYOrS ceccccccercccssescccveccces 

Total number mechanized UMitS crcccccccccccccccsccccccsencsceece 
Number unit-shifts worked per day, mobile machines .......e- 
Number unit-shifts worked per day, CONVEYOTS cecccccccecsere 

Total number unit-shifts worked per dy .ccccccvccccscrevccccee 
Average production per unit per shift, mobile machines, tons 
Average production per unit per shift, conveyors, tons ..... 

Average production per unit per shift, tonS ..csccccccccccseve 
Man-shifts per day, mobile machines ..cccccccccecvccevecccene 
Man-shifts per day, CONVEYOTS ccccecercccccveccesvevsecsesves 

Total man-shifts per GAY cccccccccvcccscvvcevseseccccscccccsces 
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Average production per man per shift, mobile machines, tons. 1251. 
Average production per man per shift, conveyors, tons ...... 14.7 


Average production per man per shift, mechanized units, tons . Leek 

Hours Worked: Per: SUIT UC <0 o%6-e eee 0 Se Gi Nie OWA 0s oe PRE eee erees 9 

Total man-shifts per day, underground ..ccccccccccccccccccccce 236 

Average production per man per shift, underground, tons ...... 8.9 

Toad <EMp LOY COB. a :5:5 coe ah: cee. s saieite severe 'overe ooo 2b oe Gee lee are oie wie werernwe ee 285 

Average production per man employed per shift, tons ....seeoee Tod 
Mine 53 


Mine 53 is in southern West Virginia and operates in the Pocahontas No. 3 
coal bed, which ranges in thickness from 4-1/2 to 5-1/2 feet. A middle band 
of bone coal separates the coal bed into two benches. A stratum of shale 
("draw slate") 2 to 8 inches thick lies immediately above the coal. The strata 
above this shale comprise sandy shale, fire clay, coal, sandstone, and gray 
shale. The coal bed outcrops on the mountainside, and the overburden ranges 
in thickness from a few feet at the outcrop to approximately 800 feet under 
the mountain peaks. The roof is weak in some sections of the mine, and it is 
necessary to set crossbars every 2-1/2 feet. However, in the mechanized sec- 
tions the roof rock is fairly firm and is supported by props and crossbars set 
on 4-Poot centers. 


The coal bed is underlain by a stratum of fire clay, which, when dry, is 
a good roadway for trackless equipment. However, this fire clay becomes soft 
when wet and will not support the shuttle cars. Where this condition exists, 
the roadway is covered with dry fill. 


The average production from the mechanical sections of the mine is 3,480 
tons of raw coal (2,400 tons of clean coal) a day in two 8-hour shifts. The 
mine is about 50 percent mechanized, 


Mining Method 


This mine was originally developed by the room-and-pillar system of mining, 
and hand loading into mine cars was practiced. In 1934, part of the mine was 
mechanized, and coal was loaded into mine cars with mobile loading machines, 
At present both track-mounted and trackless types of equipment are used in the 
mechanical sections. In some of the trackless sections coal is loaded into 4- 
ton, cable-reel, shuttle cars by crawler-mounted loading machines and is trans- 
ported to loading stations, where the coal is transferred to 5-ton steel mine 
cars. In other trackless sections the coal is loaded into shuttle cars and 
transported to panel belt conveyors, which transport the coal to mine cars in 
the main entry. Only the system of mining in belt-conveyor sections is dis- 
cussed in this report. 


Belt-conveyor sections are developed by six parallel main entries driven 
on 7O-foot centers. Panel entries, in sets of six on 70-foot centers, are 
turned at right angles from the main entries every 2,500 feet and are driven 
to the property lines. Main entries and panel entries are bottom-brushed to 
provide minimum clearance of 6 and 5 feet, respectively. Room entries are 
driven on 95-foot centers both to the right and left off the panel entries. 
These entries are staggered, as shown in the plan of development (fig. 16A). 
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Figure 16. - Mining method at mine 53. 
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Panel entries are driven to the property lines before room entries are 
turned. However, in some cases a panel between the main entries and property 
line is developed to maintain production during the advance of the panel en- 
tries. Usually the first room entries are turned at the inby end of the 
panel, and coal in the panel adjacent to the boundary pillar is mined first. 


Room entries are developed in sets of four and are driven 15 feet wide. 
The length of these entries depends on the area being developed. Normally, 
room entries are driven to within 300 feet of the adjacent panel entries, a 
distance of 1,850 feet. Crosscuts driven on 95-foot centers connect the room 
entries, Thus, each chain pillar is a square block 80 by 80 feet. 


Entry 3 (fig. 16B) is the haulage entry and is equipped with a 30-inch 
belt conveyor. The belt tailpiece is moved forward 190 feet at a time as the 
room entries advance and is withdrawn in 95-foot sections as mining in the 
panel retreats. The coal mined from the entries on advance and that from the 
chain pillars, which are mined on retreat, is transported by shuttle cars to 
the end loading point. Coal from the rooms and room pillars is transported in 
shuttle cars and transferred to the belt at side loading stations. 


Rooms 15 feet wide are turned at right angles to the inby room entry and 
driven 285 feet. The rooms are driven on 95-foot centers in line with the 
crosscuts connecting the room entries. Rooms are connected by right-angle 
crosscuts driven on 95-foot centers. Therefore, room pillars are 80 feet 
Square - the same size as room-entry chain pillars. The three inby rooms are 
developed before pillar mining is started. When these rooms have been advanced 
285 feet, or to the inby "worked-out" panel, pillar extraction is begun in the 
inby pillar between the two inby rooms. A pillar line is established and main- 
tained approximately 45 degrees to the room entries. (See fig. 16B.) 


Approximately 70 percent of the coal in a panel is mined from pillars, and 
30 percent is mined from entries, rooms, and crosscuts. 


Pillar Extraction 


Each pillar or block comprises five open-ended lifts. Alternate lifts 
are taken on the gob sides of the block until the pillar is completely ex- 
tracted. Each lift comprises 3 to 10 cuts 25 feet wide and 8 feet deep. The 
first lift in a pillar is started from a room crosscut or room entry. The 
second lift is started from the outby room and is driven across the inby end 
of the pillar to the first lift. Figure 16B shows the order of mining the 
lifts in each pillar or block and the sequence of cuts. 


At the time of this study, pillar mining had not progressed very far, and 
the falls in the retreat sections were not normal. In one panel, an entire 
pillar had been removed, and the roof was still standing. In other parts of 
the mine where pillar mining is more advanced, falls occur as soon as a lift 
is completed and the timber supports removed. 


Timbers are not recovered in most sections of this mine because of poor 


roof conditions. However, the roof in the section described in this report is 
good, and timbers are recovered in retreat mining. A working section usually 
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comprises nine places - six pillar, two room, and one crosscut. An operat- 
ing unit usually is 13 men, 2 loading machines, 2 cutting machines, 2 drills, 
© shuttle cars, and a belt conveyor. The men are classified as follows: 


WOaGIN = -=MaACHING. OPETAVOLS: e656 iw we: oe wa s9: 0ee wee Wace eececs 
Cutting machine: Opera COs: 6d.4:u oie. ereve wie wi: a8 we 005"s etree 
Cut tine =machine NeLVSrS:\6:s:0:0iw exe's w:eiuie wine ew eo Aew © oaeiw eee 
DHOUL DPSS» -g:sierelece ewe: ee.hierecee) ai torwies G6 60.6 B86 6 1ee ww eee oes 
SNUUELEe=Car ODCLTACOLS.. 6 axd-eacs.ae.6 anarwdre eee ene HS Wao wees 


Foreman eeeeoeeoaeese@ owe esexeevseeeeseeoeesewasvnevueeaeeseeaesvne*7seseoeseoeseo1e ee eee @ 
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The units are divided, and one-half the unit, comprising six men, one 
loading machine, one shuttle car, one cutting machine, and one drill, mines 
the three chain blocks and one room block along the pillar line. The other 
half unit works in two room blocks and advances two rooms. When a crosscut is 
being driven, this unit is assigned five working places. 


The cycle of operations is as follows: 


1. Timber, 

2a. Cuce 

2. Uriil, 

4, Blast. 

5. Load coal. 


1. Timber. - Two crossbars are set per cut. These crossbars are temporar- 
ily supported by steel jacks. The jacks are replaced by timber legs after tne 
face has been advanced. Props are set as needed. The cutting-machine crew, 
which comprises three men, does the timbering. Occasionally the loading-macnine 
operator and shuttle-car operator set props or crossbars where they are needed. 


2. Cut. - The coal bed is undercut in the bottom by shortwall machines 
equipped with 8-1/2-foot cutter bars. The depth of cut averages 8 feet, Cut- 
ting machines are transported between working places by crawler-mounted trucks. 


3. Drill. - Hand-held, electric, auger-type drills are used to drill the 
coal. These are carried on the cutting-machine truck, and the holes are drillec 
by the cutting-machine crew. Four holes are drilled immediately above the bme 
parting and three holes immediately below the parting. 


4, Blast. - The coal is blasted with permissible explosives detonated 
electrically. 


5. Load coal, - The fallen coal is loaded into shuttle cars by crawler- 
mounted loading machines. The shuttle cars transport the coal to the entry, 
where it is discharged onto belt conveyors. The belt conveys the coal to the 
panel entries, where it is loaded into 5-ton steel mine cars and then trans- 
ported in trips to the tipple by trolley locomotives. The main line haul is 
about 6 miles from the new belt section of the mine to the tipple. 
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Classification implovees 
Underground - mechanized units: 


Track-mounted units @eeoeeeoescovoe@oeoeveeeoeeeeeeseoeaeeoeeeewe@oesneaeewneoeeee ee @ 176 
Shuttle-car units @eeee@svoeaoe oe oeeaeseoeveeeeseeeaeseaenovoeeaonoeveeeseonecemUc8teCcemUOUmUCOUcUCchFWCmUC OCHO 8 D4 
Total @eeoeosoeeese@esoeeeve0v0eeee2e2026008 8002880808002 808080802808608080808086080080880880808080808800880 230 


Hand-loading units: 


Cutting-machine operators @ee@eseoeeveeeoeeaeeeveeeev@e@soeovosvseo0e0e e602 8 0e8ee@ 6 


Loaders @eese@eoaceeasceoeaveeaeevesceveeaseeeaeseevaeoesesseevoevseeeveeoee G@oaeaevevuseeveesnupevesne ee eese 6 
Lab orers @eeoaeeeosesevaeeeseeveevseeeosnsseeeeeeeeaeenoeesvn ese eevneoe eee 8 eee 6 6 0 100 
Total @e@eeesoeoeeeevevoeeeeeeeoeeeasoeneoeeveeoev eevee eoeveseeeeeoeeevseeeeee eo 8 352 


Other underground employees: 


Rockmen (mechanized units) ceccccccccccccccccccccsscccccccece 50 
MOG OTMiGt ~ soc: 2c ain sn censiare.4:bidls 4 GiGi ata eae ee ew aee ee eae we ee sees Ter 
WINGMEN: sis dia ue eto wibinie Boies 604 Sere wAlNerere KO Sete eee yy 
EAT SVM TS © sg seas ce saaecat obi wie ta iso 10 at arco orn na oir sala: te a toh ewe is ww wae wie we eee 1O 
CLESN=Up MON. 24 ose heb oases Os Oe eo Oe oS ee ew eho e bee ees 8 
DY LNA SS MOM «52565 Ga wie W066 lb ow ww W We We a'o-o Were Ste Si 0045 00.5% a el 
Ventilation. Men’ £5.24 4.4.086'o0.0000eeeeeeews ihe ea eeanasleeawee ween 18 
SAD OLESLS: 5:5:6:6:-6'0c5 wo 0 106s oleae we eseeo 006 O55 08 660 Oe aoe a Oe DD 

{jot eee erry ee ee re eee ee ee ee ee ee eee rere eee a 0 

Total underground EMPLOYESS .ccccnnvccsccccccecsccccccsccnes 332 


Surface employees: 


Jib eyoR kl oer ee ere ee ee ee eee ee ee ee eee aa eee ee are ee ee 20 
MOCK DLC KOS sis oab ie 6 155s ace 0: Soe arw 650 ais 10s ld “eeuae-areeee abe aoe wee 62 
TI PP le MOCHA TCE sa: .ci5s:cis aleravia te:5.0" 0:50:00 5e O58 66 wena alegre We ewe wee e Oca 4 
ROCK=disposal MeN, | os: ssw <606 66 wb 6 66 Sew Oe 406 0 Ober oe 6 Wess see es 2 
Supp Ly Men... ssevscurs wate are eee ae avalon ee need dou we wees seule ens 6 
TIA DOLONS® its:a arate toww0 wai bateatee eee os es wwe 6b ew ea we we owe we 14 


Shopmen: 
CULTING MACHINGS® (s6.5c.5%01e 6 wsi0.6 W660 oe OWS OWS 0s wee 6 ws 6a oes 
LOGGINS ‘MACHINGS: ce:6 css Wo. Welw kcS ee 6 00 0 4 4000 6.5 we wie Wee e Oe 
CONV GV OLS 46:10; 06 60 we 0 ie WW wb WS! wie Sw ws WSS 6 WSO ee we Se os wae se 
Locomotive and shuttle carS wcccccccccccccccsccccvccccccces 


Pumps @eeeeaeseveaceevoesvseeveoeaoeeoeeeeeseaeaeevoseeoeoeseeeeveeeevweeeoeeseeveesseeasnes 


ne) oa 
ON OO © ON 


Mine cars eeoseeveaevseaoe eee eveeoesneeeeesvneeeaeev@eaevneea eee eee eee ee ee 8 ee @ 
Blacksmiths @eeeeeeceaeseveeaoev eevee evaeeeenenaevneeeeeaoevaeoeaeeue ee eeaeeoe eee ee 


Others eoeoeseeoevsev oeveevoeeoeaoeosvnevneaeoseeoeeoeaen oon e eee eeaeeaevaeeaeeeaeewaevosees ee ee @ 


barn 


ee) 
NM 


jhoj rere eee ee ee er ee ee ee ee ee ee ee ere ee ere 
BOLLOTHOUSS cccccccvsevessccvesesencsccesccecessvssesereseses 
Repairmen in PoOWerhouSe .cccccccccccccccecssccccsecccevevvcces 
HouSe- And COWNMEN cecccccvcvesccevccccccseresccseevccesecece 
SHOP POTEMEN cocccccccccvccccssccesevsccssssesccscccsccececsece 
PNG INCOYS. o6.6:5 6505-056 ew Wie © oe Geese 0.66 060 WE W000 Ow Oe OOo eK © 


Clerks @eeoeoeoesvseoeveeaevoaevo eon eceoeevnevoeeeeaes ene eeewneoeveav ee eoevoeaeeneseeaeneee ee ee 8 8 


} 
fo + 


Watchmen ®eevnvoeeeoeneeeoe oes eaeeaeeeaeoeoseseoeeeeewn eee seas ese eeseeeceveeeeaen eae es 
Supervision eeoeeeeaeveeeveenesvseveneaesevnevoeaeaevneeooevn eee eeoevneeeoeeenee7ee ee ee 8 
Total @eeeoaneeeeveevnevevuaeeeoeneoeoeoeaaeveeveee eee eeoeoeeaeoea ew eoeeoeeeween ee eee 8 


Total employees eeesvsesvsveseoenee28e00e0800280000200008002008000808808080080888886 


COoHOWON ND COM £F OC 


! 
OM 

ON 10 

© 


Percent of raw-coal production from mechanized units .cececece 
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Summary 

Raw Clean 

coal coal 
Average daily production, ConmS weccccccccccccsecccscccssccves 5,810 500 
Average daily production, mechanized units, tons ....e.e.-. 3,480 2,400 
Number unit-shifts per day sevceccccccccccceccscccecccecces ey ok 
Average production per mechanized unit per shift, tons .... 145 100 
Man-shifts per day, mechanized unitS .ccccccecvecccvcceccees 230 230 
Average production per man per shift, mechanized units, 

TONS» iene 0.6 We GER CE WSO ewe TEw ee ROHS o0 oN SS eNw ees 15 4: 10.4 
Other man-shifts per day, underground ..cccccccecsccccseves 250 250 
Other man-shifts per day, underground charged to mechanized 

pishh!-—_ererrrre er err er eT ee ee eee ree eT Te ee ee re eee eee ee ee 170 170 
Total underground man-shifts charged to mechanized units, 

HG QELS! asses asso w/a alesse rene were Wo wr a Stabs we ee 6 OWS wikis Stace Sa oleae 400 4.00 
Average production per man per shift underground charged to 

MOG Mani Zed UHI): ice 'ss'ssdie-cro wey w wrhve ere orae-e 516 Gh new Se 3.0 was 8.7 6.0 
Surface: CMpPlLOYCES: rsd e<é-4-sx6.6 0 wow wierd swe Wo ow 6 00 6 4S Oe he we 236 236 
Surface employees charged to mechanized units ...ccccecccce 142 142 
Total employees charged to mechanized Units cecccccsccccece 542 542 
Production per man employed per shift, mechanized units, 

GOUG -i 555 ssi 55S hori0 sa aus iad wares dW oe elas 0 6 Wea oO Oe wee 6 4x6 6.4 45 
Total employees, mechanized mining and hand-loading ....... 1,068 
Production per man employed per shift, tonS .rceccccccccecs 5.4 45 


Mine 54 


This mine, which is situated in Wyoming, operates in the Willow Creek 
coal bed. This bed, which dips 23 degrees in a westerly direction, outcrops 
on the west side of a high ridge. The mine is entered at the outcrop by a 
slope driven down the dip in the coal bed. At the time of this study the 
Blope was 3,900 feet long and was being advanced under approximately 1,500 
feet of overburden. The overburden increases about 40 feet for every 100 feet 
of slope advance. 


The thickness of the coal bed ranges from 9 to 16 feet. There is a shale 
parting about 5 feet above the bottom, and at some places there are one or 
more thin shale lenses at irregular positions in the bed. These impurities 
are removed at the face and on picking tables in the tipple. The overlying 
strata are fragile shale and hard sandstone. The bottom is soft shale and 
hard sandstone. 


The mine is 100 percent mechanized and produces an average of 1,100 tons 
per day in three shifts. Coal is hoisted during the first two shifts. The 
slope and cross entries are developed and the material distributed to working 
places during the third shift. All coal is transported from the slope opening 
to the tipple by a 48-inch belt conveyor 400 feet long. 


The mine is ventilated by a 95,000-cubic-foot-per-minute exhaust fan. 
The fan is at the air shaft, which is 125 feet deep and connected to the slope 


airway. The air shaft is circular and lined with 3/4-inch steel plates con- 
creted in place. Undercasts at intersections of cross entry haulageways and 
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Figure 17. - Mining method at mine 54. 


I. C. 7527 


the slope air course obviate the necessity of doors at these points. All 
haulageways are on the intake of the ventilation system. The slope and cross 
entries are rock-dusted at regular intervals. 


Power is purchased and delivered to the mine at 2,300-volts, 60-cycle, 
3-phase, alternating current. Transformers are installed in the mine, and 
power for underground operations is 220-volt alternating current. The main 
hoist, which is rated at 800-horsepower, is driven by two 2,300-volt, alter- 


nating-current motors. 


Track gage is 42 inches, and 60-pound steel rails are used in the slope 
haulageway. Belt conveyors in cross entries transport coal from the working 


places to mine cars on the slope partings. 
Mining Method 


The room-and-pillar system of mining is followed, and room and entry pil- 
lars are extracted on retreat from cross entries. Entries are timbered with 
three-piece sets, and the roof in rooms is supported by props and cap pieces 
placed on 4-foot centers. 


The main slope comprises haulageway, manway, and air course. These slope 
headings are 12 feet wide on 100-foot centers. The slope haulageway is ad- 
vanced down the dip for a distance of 100 feet beyond the last crosscut. A 
crosscut is then turned, and the manway and air course are driven from this 
crosscut up the dip to the next outby crosscut. A combination loading machine 
and car, locally termed a "slope driving machine," loads and transports the 
coal from the slope heading to the above cross entry, where the coal is un- 
loaded into mine cars and hoisted to the surface. This "slope driving machine” 
operates on the track and is hoisted and lowered by an auxiliary electric 
hoist. An electric blower fan placed in the entry at the last crosscut sup- 
plies fresh air to the slope headings through flexible canvas tubing. 


Cross entries are about 350 feet apart and are turned in pairs off one 
Slide of the main slope, which is driven parallel to the mined-out area of an 
adjacent abandoned mine. Headings are driven 12 feet wide on 62-foot centers 
on the strike of the bed. The coal in entries is cut in the bottom of the 
bed by shortwall cutting machines equipped with 8-foot cutter bars. Water is 
used on the cutter bars to allay the dust. The coal is drilled with electric 
auger drills and blasted with permissible explosives, which are detonated elec- 
trically during the working shift. Conveyors, which are the shaking type 
equipped with self-loading heads, convey the coal from the heading to mine cars 
in the entry at the crosscut. (See fig. 17A.) The lower cross entry serves as 
the haulageway, and coal from entry development is transported to the slope in 
mine cars by storage-battery locomotives. One locomotive is operated in each 
cross entry, and this locomotive also delivers timber and supplies to the face. 


The equipment used in advancing cross entries is: 


Shortwall cutting machineS ..rvccccccsccvccssescccsecs 
BLECCLiCedPlIIs 166554 Sas eelawwien swe ees whee oe alae we 
Shaking conveyors with self-loading heads ...cwcecees 
CYOBS “CONVCVOR a iine Gos iw 4 0k 6 6 Bias Gis wo Ae eee See's 


Mm PM 
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The average crew of men assigned to cross entry development is: 


Cutting-machine operators (1 in each heading) ....... 2 
Cutting-machine helpers (1 in each heading) .......-. 2 
Conveyor operator eeoe@eeoeovoeVeeseeeoesegueeaeuanaeaeaeseeeeaeaeeaeeeeneanee eee 8 1 


Rooms are turned on 70-foot centers from the outby cross entry. The first 
room is 400 feet inby the main slope. Rooms, which are developed in groups of 
three, are driven up the dip at 90 degrees with the strike of the bed. A pil- 
lar of coal 140 feet wide is left between each group of three rooms. The 
height of the room usually is the thickmess of the coal bed, except in areas 
where weak shale roof is encountered. In such areas coal is left for rom. 
Where the bed reaches the maximum thickness of 16 feet, rooms are driven 8 
feet high to depth, and the top coal is taken down on retreat from the roof. 
Cross-entry pillars are extracted on retreat. 


In the operation of a three-room unit, a crew of men is assigned to each 
room. Steel chutes, which facilitate the flow of fallen coal, extend from the 
face of the room to a chain conveyor in the inby crosscut. (See fig. 17A.) 
This conveyor extends across the three rooms to a chain conveyor in the outby 
room and the coal is conveyed to a 36-inch belt conveyor in the cross entry. 
The belt conveyors are extended in 150-foot sections to a total length of 1,500 
feet. At the time of this study, the coal in one of the cross-entry sections 
was conveyed to the slope parting by two 1,500-foot belt-conveyor units placed 
in tandem. Coal is loaded into cars at the parting and is hoisted in four-car 
trips. Solid steel cars having a rated capacity of 5 tons are loaded with an 
average of 4-1/2 tons of coal. The average production, 1,100 tons in two 7-hour 
shifts, is transported in 52 cars, an average of 13.1 tons per car per shift. 


The mining cycle in rooms is (1) timber, (2) drill and charge holes, (3) 
place steel chutes at face, (4) blast, and (5) load. 


The average crew of men assigned to a room is: 


Drillers to drill, blast and timber ...rcccccccccccces 2 

Loaders to load coal, timber, place chutes and extend 
conveyors @eeeaeoeove ese esvsesvseeneseeaeevneeevevneve0e0ee0ee2 0 e027 e0e 02 eo 8 6 3 
y) 


Total eo@eoeoeaeeoer- ese @Oeeoeeeeeeeeeeveesvseeeveeeeeseaeeeeeeee2ee 8 


Pillar Extraction 


Extraction of pillars is begun in the inby rooms after the coal in all 
rooms off the cross entry has been extracted. The 140-foot pillars between 
the three-room units are extracted on retreat. (See fig. 17A.) Room pillars 
are 70 feet long and 40 feet wide. Extraction is begun at the inby end of 
the pillar, and mining is in successive steps, as shown in figure 17B. The 
fallen coal is shoveled and pushed over the steel chutes that are placed in 
the rooms and along the working faces to cross-chain conveyors in the next 
outby crosscut. The cross conveyor and room conveyor transport the coal to 
the belt conveyor in the cross entry. In new development, cross entries will 
be driven to boundaries and rooms and pillars will be mined on retreat. 
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Classification of Employees 


Classification Scan Total 


Underground - mechanized units: 
Entries: 


Cutt ing-meachine: Men: 44%4046sswseiesarnseeieweaaewass 2 2 2 6 

Cutting-machine helpers .ccccccccccscccccsscccccsece 2 2 2 6 

CONVEYOY MEN 1660605 e666 65 eS SONS CHSC ECCS ews 1 1 1 3 
Rooms-and-pillars;: 

Drillers And: Shooters ssiissecseneessseinsseccess | 26° 1°16 - 36 

Loaders eeeveoeeeeeeoeeoeoeeeseneevneeeeeeeeeeeeeeeeaneneee 2 2 or h 


Total eesvoe@vuoeeeeeee@eovoeeeeveoeceaev eee e ean eaeoaoe eae eee ee 8 50 50 


Other underground employees: 


Hoisting engineers .rcccccccccccccvesvescccsecsescces 
MOCOYIMNCD:. 66.6 60:06:60 025 660.0 s 0 06.6 0000 6 0 8G 606000 we Otis ee 
Ventilation men cccccccccccccccccccccccncecceseceees 
LEMP OYMCN 5 5 os asad Wloka eal Wiew wre ee 6 Wwe Oe os Ole eereee ees 
RODE TPIGSrs: 6a iaveiew- sce eee win oc0 6 bee 060 OS Sees be Oe ee OS ee 
Car Crimmers. 6666 4.o-w ese 56-00 ee. ecaws OWN Obie base wees 
FOPECMCN ceccccvccccnccvccrceeseceesesceesevenscecece 


Total eececeeceeoseeeeseeoeeeeeeeeeoeeesneeeeeeeeeeeeees ose te 


Total underground employees @eeeesvso0e2@20e20080880880600860886086080 80 


[row BD Hw 
HPWH DPW 
OL OVW UI po AI Ww 


O 

tw 
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N 
4 
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surface employees: 


Hoisting eEngine€eSrs cccccccescccccesccscsesessceseses 
Weighmen eeeesnveaeve00200e20@20002008020@200600000080600600008008000608088 86 80 @ 
Shop and repAlIMen acccccccccvcvssccscccsccscescsvccsere 
Tipple POLEMEN ecccvcvccevvecesvvecvssescsevceevesece 
TT PPLEMCM 6:6:6-sw 66.46 66020 owes iw aw 000 wo bee Wie bc8 8 06 ene eee 10 


Total eeeoeveseecevneeeeeeeoeeeeeevneseeeeeeseeeeeeeeeee a a el 
Total employ VOCE cecvocccccccccccccccsccneceeseroecs | 75 | 7O | 11 | 1 2 


Summary 


be 
ae 
Nm Mw 


Percent of mine mechanized @eoeeeoeauesvsesvseweveeeevueeeeeaeeseeeveoseueeveeesneeeaosnee2 6 100 
Average daily production, raw coal, tonS cesccscccccvesvevccccseseses 1,100 
Average daily production, raw coal, tons, room-and-pillar ...cercceee 900 


Average daily production, raw coal, tons, development ...cccrcccccoes 200 
Number mechanized units, roomsl/ ....ccccccccccccccccvcccsecevccceces 3 
Number mechanized units, shifts per day wccccccccccccescccscsccscccces 6 
Number of conveyors, roomsc/ .rcccccccccccevcccvcccccccccsscceseseces 3 
Number of conveyor shifts per day, TOOMS .ececccccscccccesccccssecces 6 
Average tons per conveyor SHIFT, TOOMB eeccevecenvcccvesccesveveseves 150 
Number of Entry CONVEYOTS cccccccecccccccveeencccesescccsccceesececes 2 


Number of entry conveyor shifts per day cveccccecsccecsccccccsccscces 6 
Number of tons per entry conveyor SHIPt .ccccccccccscccccccseccscsvees 33 
Number of belt conveyors, eENtriCS ccsccccccenccvecccsceveccsccscecces 2 
Number of belt conveyor Shifts, entries ..cccccecccccccvevevecsecccce 4 
Average tons per belt conveyor SHILt ..ccccrccssccccccccccccrcecccces 225 
See footnotes on following page. 
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Average number of men on mechanized units, ToOOMmS cwccccccccccccccccces 90 
_ Average production per man per shift on mechanized units, rooms, tons. 10 
Average production per man per shift on mechanized units, entries, 


tons ecoeoeeoeeovneececeoeeeoeeeoeoeeeeeeeeeeeeeeBeeeoseeeeeeeseeesEeeeeeosesesese 13.3 


Average number of men on mechanized Units .rrccrvecccecccccccccseccecces 105 
Average production per man per shift, mechanized units, tons ....eeoee 10.5 
Total employees Underground asccccvvnnccsnscccesencarensesececesessece 135 
Average production per man per shift, underground, tonS .ccccvcccveces 8.1 
Total employees, underground and Surface wecssecccecccovccevecsccecees 156 


Average production per man per Shift, TONS cececcccvecsvecvvcccccsccce vee: 
1/ A unit is three rooms. 


2/ One conveyor for a three-room unit. 
Mine 55 


The coal bed, which dips 20 degrees in a westerly direction, outcrops on 
the east side of a high ridge. The main opening is a slope driven in the coal 
on the dip of the bed. This mine is in western Wyoming. 


The thickness of the bed ranges from 60 to 64 inches and usually contains 
1 to 2 inches of bony coal immediately under the roof. This bony coal falls 
when the coal is mined and is removed on picking tables in the tipple. The 
roof is hard, firm sandstone. The bottom is soft shale, which heaves slightly, 
but this does not cause serious difficulty in mining. "Want" areas and local 
rolls present problems in the operation of this mine. 


The production of the mine at the time of this study averaged 700 tons a 
day in three shifts. The mine is 100 percent mechanized, and coal is loaded 
and hoisted on all shifts. The greater part of the output is produced during 
the first two shifts, and coal loaded during the third shift is hoisted and 
stored in mine cars on the surface until the following day. All coal is trans- 
ported from the mine to the tipple in trips of 2l cars over a surface tramway 
10,000 feet long. 


Ventilation is furnished by a 75,000-cubic-foot-per-minute exhaust fan. 
The fan is at the air shaft, which is 40 feet deep and connected to the slope 
airway. All haulageways are on the intake of the ventilation system. 


Rock dusting is done in the main slope and cross entries by means of a 
portable rock-dusting machine mounted on a platform car. 


Excessive amounts of water are not encountered in the mine, and water not 
used for sprinkling at the working faces is pumped to the surface by three 25- 
horsepower, 110-g.p.m. pumps placed at sumps along the slope. 


Power is purchased and delivered to the mine at 2,300-volts, 3-phase, 60- 
cycle, alternating current. The main hoist is driven by one 450-horsepower, 
2,300-volt, alternating-current motor, and a 300-k.w. motor generator furnishes 
250-volt direct current for underground haulage and use at the working faces. 


Track gage is 42 inches, and 40-pound steel rails are used in the slope 
and on haulageways. 
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Mining Method 


The room-and-pillar system of mining is followed, and pillars are ex- 
tracted on retreat from a panel. The slope headings are 12 feet wide on 62- 
foot centers. At the time of this study, the slope was 4,000 feet long and 
was advancing under 1,400 feet of cover. The overburden increases at a rate 
of about 20 feet for every 100 feet of advance. The mine is developed by 
driving cross entries in pairs along the strike of the bed from each side of 
the main slope. These entries are driven 12 feet wide on 52-foot centers. 
Panel or room entries are turned off the cross entries at intervals of approx- 
imately 700 feet and are driven up the dip to within 50 feet of the next outby 
cross entry. Rooms are turned up the dip at an angle of 15 degrees from the 
strike of the bed, both to the right and left of the panel entries. The depth 
of rooms is usually 350 feet. The first rooms are turned approximately 100 
feet inside the cross entries, and rooms are developed in pairs, each pair of 
rooms comprising an operating unit. Pillars are extracted as the rooms are 
completed, starting recovery at the inby end of the panel. (See Pig. 18A.) 


Entries are timbered with three-piece sets, and the roof in rooms is 
supported by props placed on 6-foot centers. 


The coal is cut in the bottom of the bed by shortwall mining machines 
equipped with 8-foot cutter bars. Water is used on the cutter bars. The 
practice of sprinkling broken coal also is followed. The coal is drilled with 
electric auger drills. One row of eight holes is drilled 2 feet below the top 
of the bed. Each of the two rib holes is charged with three sticks of permis- 
sible explosive, and the remaining holes with two sticks each. The explosives 
are fired electrically during the shift. Approximately 5.5 tons of coal is 


produced per pound of explosive. 


In the operation of a unit (two rooms), one room is prepared while the 
coal is loaded in the second room. After the room is cut, flat steel plates 
are placed along the face of the room to facilitate shoveling the coal to 


shaking conveyors. 


Room conveyors, which are the shaking type, are placed on the lower side 
of each room. The drives of these conveyors have recently been changed from 
compressed air to electricity. The coal is conveyed by the shaking conveyor 
to a retarding chain conveyor placed in the inby panel entry. This conveyor 
transports the coal to cars on the cross entry. End-dump steel cars having a 
rated capacity of 3 tons are loaded with an average of 3 tons of coal. They 
are transported to the slope parting by 8-ton trolley locomotives and are 
hoisted up the slope to the surface in seven-car trips. 


The mining cycle in a two-room unit is (1) timber, (2) undercut, (3) drill 
and load holes, (4) place steel plates at face, (5) extend conveyors, (6) blast, 


and (7) load coal. 
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The average crew of men assigned to a unit (two rooms) is: 


CuGting-MaChine -OpeTaAtOr 066.0% 6 %s)s00 0 6s 0000s 8 8 1 
CubGing-=machine RELPCr’ 4.2.0 64 a vew i wee 6 eW see ee ew es 1 
Drillers to drill and shoot, timber, extend pan 

lines, and prepare place for loading ..cccccee 2 
iSeliel-14: ae ere ee ee eee ae ee ee ae ee ee eee eee ere 2 
Clean-up man on panel entry and chain conveyor .. 1 
Sprinkler and rock- dusterL/ Coe veer eco rcccceveces 1/2 
Car enna ASCs w Oe aT ea Vee Wek OME CC Raleeeaewwe: Le 

Loc Mere Tee Te ee ee ee ee ee ee ee ae ee ee ee Oo 


1/ There are usually two units in a panel. 


Pillar Extraction 


Extraction of pillars is started in the two inby rooms of the panel after 
the panel has been developed. Room pillars are 70 feet long and 40 feet wide, 
and these are split in the center by a crosscut driven at right angles to the 
longitudinal center line of the pillar. (See fig. 18B.) This crosscut is 30 
feet wide, and when completed there are two blocks of coal, each 20 feet long 
and 40 Peet wide, in place at each end of the pillar. Steel plates are placed 
on the floor of the crosscut to provide a smooth surface on which to push and 
shovel coal to the shaking conveyor at the lower side of the outby room. The 
mining of the inby end of the pillar is followed by mining the outby end, and 
this operation completes the extraction of the pillar. A small amount of coal 
in one corner of each of the end pillars is not recovered. Chain pillars in 
the panel entries are the same size and are extracted by the same system used 
in recovering room pillars. 


Classification of Employees 


Classification | ist | 2d {| 3a ° | Total 
Underground - mechanized _ units: 
Cutting =macnine Men, ace ces occ ae eeew sae eeawe was 1 6 
Cutting-machine helpers .ccccccccccccccvcccccccce 1 6 
Drillers and SHOOCETS << 6660's 006 60's e006 8 06 a 0.0 60% 2 le 
COSl. LOAGEIS. 66 6406 06 4WS C860 ON 40 Oe OOS 5 30 


Clean-up MOEN cecocccevecvccscecseeceeseneeeseececn 
Sprinklers and rock-dusters eeeeoeseveseevee ees eevee @ 
Car trimmers SCO ee neat er eer 


Total eeeseeseoesvoeeeeseeseeesnseeeaeseesvpeseseseeoesseoeeeennee8 


Other underground employees: 


MOGOVMEM: 5c5.5-5:i5vacevere 6-0 ares bese Wise O10 as Gina ee Woe le eee ae 
Vent Ta GiOne Mar: 4-6.06-se sae due eS Wiawierd awe ee wees owes 
DMC INST: -5.ce\gh a ee cerecar ere ew @:0- ae tee 06 ole See 6 60 wwe 60.4 
RODG: P21 CCTS s-ows-6 sae oe-wic eee 00 Bee Swe ww owe tee e eres 
Development (rock and coal) ceccccccsccvcccccecs 
POPCMEH: 6.64 wae Saw 66 were oO 6 6.60 ore OO 85645 S eee SS 


Total eesoeoeoeseeoeeoeseesveeseeeseeeeeeeseeeeesewaeeoeeesee 8 Ta oe a 


Total underground employees .erccrcrcccccessece 60 ]) tl 


3180 - 52 - 


Google 


Tw Ce Toe] 


ft . onirt 4 


Classification | Se Total 


Surface employees: 
Hoisting engineers @eeeseeoasuege@eo1ee#egeeees9se@esckeevo20e09eeensv?et Geoee#2ve8ee@ 
Motormen e@eeoeee7eeeeoeeseeeoeeeecevn@esesesege@~qdsdsoeeeeeeeceee#23ss€©8@2888e @ 
Weighmen @eeeeoeeeeeseeegeceeeseseeseetwpeeeeeeseseeseeeseeeene@e#ee7e1eee@é 
i 


Orr H 


Shop and repa irmen @eeeeeseeoeaeoevneseeoeseeeesesneeveoeeeneeoe @ 
T ipp lemen eeeoeeeveaoeeoeaevneoew @Ceoeeenwneeeseewneaeseneneseaesvnenee7e eee 6 
Handymen eese@eaesvoevesvoesveeveeesesveevaeeeseeeeevesovoeseveoeseesvnesns odes 


Total eeoeoeceeeeceoer ese eens eseeeeeeeneeseoseeeeeneee sts 0 
Total employ COS eeocccccvrececcvecccvccsccevcsecce | 82] 41 | 16 | 1 Y, 


FONrFRFRF 


Summary 
Percent Of mine MEChaAni Zed. 660 swisw o60e 66 60 W560 9 Os UWE6 066 eee ee we ees 100 
Average daily production, raw coal, TONS wcccseccccrcevvccecsvecsccece 700 
Average daily production, raw coal, tons, room-and-pillar ......c.csceee 650 
Average daily production, raw coal, tons, development ...ccccccccevess 50 
Number of mechanized units (2 conveyors) cecessscccccccccccecccccccees 3 
Number of mechanized units, shifts per day weccccceccsccevccccvecsoces 6 
NimberOr, COMVEVOVE  % 6res:icreccsleewes.dceGiare sho) 60 wee es aeee reek teeeae 6 
Number of conveyor Shifts per day casi0 ss sseesiaw aeetece ee ee ee bewsw ewes 12 


Average production per unit (2 conveyors) per shift, tonsS ....eeu.e. 108.3 
Average production per conveyor per shift, tonS weccccvcccccccvesseves 54.2 
Average number of men on mechanized units, room-and-pillar ....ceeeeeee 65.5 
Average number of men per unit per shift, room-and-pillar ......cceees 10.9 


Average production per man per shift on mechanized units, tons ....... 9.9 
Total emplovees, UNdSrSrOunNd: isa:5- 0515 ain obs wiheoids a werewie ere WO Swieie s Aowew ae ee 99 
Average production per man per shift, underground, tonS ..ccsccccccece Tek 
Total employees, underground and Surface ceccsccvsvevcccescevecscscvvece 139 
Average production per man employed per Shift, tonS ...cccccccccccenes Dien 


For comparison, operating data showing performance of mechanized equip- 
ment at mines described in this report are summarized in tables 1 and 2. Table 
1 is a summary of mobile loading-machine performance, and table 2 summarizes 
the performance of conveyor units. 


3180 es ee 


Google 


(Teco meets) 0°9 
(Te0o wer) 1°32 


$ 


(Te0o wets) 4° 
(Te0o avr) T° 


aA 


T 


(Te0o weet) 
(Tees aE3) 


sar8eoR 


a 
ii 


FFLF ‘BeyouT 99 % HG 
Teoo uveTo suo rad 

Teoo avr suey Ost" q2 

0S 

VTUTIITA 380m 

SI¥0 SUT™ pus BIvO eTI4NNS 


pezUnow—70e.14 
PUP AI@TABIO eTTQAH 


a 
E 
A'S SF 


Ww 


~- wn 
oe 


323 


A 


*T#0o aBeTS suo OOZ't “TYCO MBI BuO, OTE'G ‘uoTZonpord LT TEP [e304 ‘pezsoder L[TeopUBYyCoM peusm [VCO fT TE 


2 . > * 7 (-) <TYU- pert ae 


eee seqssaro zed Teoo zo woTyonpord ePureay 
*) | * awoy ‘dord zed Teoo zo aozyzonpord ePereay 
e) | eeeeceseceoessesesaseeeeosoeesse eum *seatsotd 
“te JO punod zed Teo0o zo uoryonpord eFereay | *gT 
gq | Coeeesesesoeseoeesaseeseesese sum *pefotd 
“ze usu red 437us8 z8ed woryonpord ePusceay | */T 
Seeeeceesaeseseaseseeeseeseese punorzepun 
pus eovzims ‘seefotdme jo requmu TezOy | “OT 
(Te°o AB) G*2t eCoecereeoreseovsseeseres BUH *punarziepun 
*aztqs ted usm sed uoyzonpoid ePeseay | *GT 
zl2 | **** punorzepun ‘seafotdme jo sequmu T¥zOf | “nT 
(Te0o AGl) T°St @eoeeeeseseseseeses suo *s4yun pes yusyqoen 
*azTus zed uem sed uopyonpord eFvseay | “fT 
g3T | °°°* 837m pezyuByoem UO Asp sod By; 7 Ys—UBY | “ZT 
G*l | ** a3 748 sz0d 47un z0d uem 70 2equmu oFeres4y | *TT 


(Teoo aBr) OFT | sucy ‘4z Tus aed yyun zed woyyonpord ePereay | °OT 
Gz 


6 eeceeerseearesesesseseessessesee 
amoy-§ - 2 | °°°°"e® eowzims ‘s4zzTys FO soy pue requmg | * 
moy-§ - ¢ | *** punorfiepun ‘sqz7tys JO emmoy pus requmg | * 


Teos weeTs suo, Gz2/ ‘2 
Te0o ABI B04 00n'f eveeeseesere sum *aozzonpard STFeP eFe.1a8sa7 N 
@ceseccsesee queoared ‘aurm JO u0;4Bs FUBYyOeH | ° 
Coeceeeressesesesssesseese eUuTw JO UOTEBWSCT | °Z 


eereeseeeeereeee ee °9 


pez UNCU~Ie TABIS eTTQM Sees ersesseseesesese® 
; per ta —reqqns 


ws. 
Coeeeeeersenessceess seuyT yor 2uzyango 6° 
38e( 


l2Gl °9 °I 


Cs a ee Mm. Mie . mm EEE EE TEER Ee EEREREER EE *22 
¢ T | cocccccecoces eeevccoce COSCET OOOO SEOCOE #104 *sx89 eutm@ JO eZztg | *Te 
trhT S@ceosaccevccosvessece IUqss oro zed Teoo so woTzonpord e2er0ay *O2 
get. gg | ewer w ccc cccccce ooo gu04 ‘dard zed Te0o so wot3oupord eFBIEGAyY °6T 
G°S coco gu0g “seatsoTdxe yo punod sed Teco fo uoryzonpard eFuieay | *9T 
T° (fayute pezpuByoom) gee | eoceceees sucy ‘pefotdme usw zed 43748 red woyqonpord eFereay | °/T 
6CT (Puyuym peztuwysom) 9°16 | e°°*eeee** punardzepun pue eovzins ‘seefoTdme Jo requmm TeZOY | °gT 
tol 9° | 2°" su04 “yonardzepcn ‘aztus sed usu sed worpyonpard eFvzeay | *CT 
66 (2ayaTo pes FUBYOeR) n°23 COCCOC HOS OCE OER OCOCS ee punarmzepun *‘seato[dme JO tequnu Te30, | “HT 
6°6 ¢°9 | °su0} Fs ei pesTusyoeu “4zTus ted uem sed woTzonpard eF¥ieay | °C T 
6°S9 O00 COCO OOOO RCOOOOE OOS 84TU pestusyoem ‘fep zed BIz;UB—Ue_ | °2T 
Tl SeTizue Uy G = gwoal ut Gt Scoesecesccevecneese 43 Tq8 zed atm zed usu Zo sequun e2eIeay *{T 
xzofeaucs red 2° 


tun sed ¢°gOT | SeTIqae ut Cf — swoor ut OGT | astGs zakeauo0o sed G2°Tl = Geog | eoeeecccccs ececoe gn0y ‘sa¥a8 aed yyumn sed wozzonpoard ePereay | °OT 
9 8Of23 Ue Ut 9 = sTz0eor at 9 43 Tq8 yee sz 0os@au0d 2° 9 Govoeceneceses ©O00 OOOOH OOHSOOO 008006 OCE CHO £0 zed 833 178-4 Tag °6 
¢ SeTigue dt 2 =~ smOar ut ¢ 431q8 Woes srafeau0o SZ | Corecccccccvccovoce Co ccccescoococoocoooccoocosso® gatim Jeqmmg | °g 
Inoy=] - c anoy=] -2 eee ee eeeececece @eeececeece ee ese. *sasTGB go srT10Yy pue Jequnyg o} 
anoqe] = ¢ qaoy=] @- ¢ Svececvoecvecercos eee punarSzepun ‘saztus JO Brn0”g pu Jtequnyg *9 
seeizep O - seqout 19 4 09 seerzep ¢2 - 3003 9T 4 6 Seeecneesecoocos ecvccers SOoceooeceoeooe ° peq 0 dtp pue ssemoty, °G 
ool OOT’ T Pocccccsevcorosccoseoescooeoor® BU *zoTyonupard f£tTep eFereay e 
OOT COOKOCHH OS EHOFESESLE eeeovese eee 3mored *euTm go WOTASE FuBTOeK fo 
Jutwosy OPO Co Sooo OSOO LOOSE DOO LEOSESOooSooosooooCS® GITH JO WOTABOOT | *2 
sLBO eurK | oe s&@ofeauo0ds stew | qo  ### j £85 OUT} | Seecercecoccoce Seesvcosevagsvscevsesecee © OUT peoT Btofeamog °9 
PupAeus pues upeug SOK CEOS SLO ECEDOOCOEOEEOOEO eccece eceoecece edf4 *srafeau0g a 
TTeAATONUG | wdltCtCt~”C::COCASTONG LC (ROR GND OQ TRyOOdG | ooooeceseccecosccccceoresesecs eececvece © seuTqoe PUTIWNO Ce] 


tUOTAVZTuUsyoow Fo woTydT198ec 


lecl °O °T 


Google 


Ee Car eh 
EXPLANATION OF CURVES 


The following curves are based upon detailed studies of mechanized mining 
in more than 50 coal mines in every important coal field in the United States. 
The studies include loading practices with mobile loading devices, conveyors 
equipped with self-loading heads, and hand-loading on chain and shaking 
conveyors. 


The points on which the curves are based were determined by computing 
weighted average production and man-hours for groups of mines operating under 
similar physical conditions. Therefore, the curves represent the average man- 
hours per ton and production for various bed thicknesses. Operating data at 
any one mine might deviate above or below points on the curves, but in planning 
new operations it can be expected that production and man-hours per ton for 
various bed thicknesses with the several types of loading equipment will be 
reasonably near the curves. 


In computing man-hours per ton and production per mechanized unit per 
hour, the total hours in the shift worked were used. An employee may actually 
work only 6 hours at the face, but the number of hours in the shift worked (7, 
8, or 9) was used in all computations to obtain man-hours per ton and output 
per unit per hour. 


Figure 19: 


Relation of man-hours per ton of raw coal produced to the thickness of 
the coal bed (or portion of bed mined) for labor employed at the face on mobile 
loading units, and total labor employed underground for mines practicing pillar 
extraction. An example of the man-hours required to produce a ton of coal ina 
bed 72 inches thick, using mobile loading machines and extracting pillars, 
follows: 


Man-hours 

per ton 
Total labor underground, raw coal ...ccoeee O.77 
Surface labor, YAW COAL weccccnnsccncececes Bey are by 


Total labor, raw coal eesoeoseseeseseevoesev eevee ee8¢s8 9k 


Total labor, clean Coal ..cecedscscceeceess  2/1,11 
Add 10 percent for idle time .ccccccccceecs aD 
Total Labor ceccvevesccsccccrcecseveccseee 1.22 
1/ Weighted average surface labor, in man-hours, for 
mines studied. 
2/ Estimated average refuse at cleaning plant, 15 per- 
cent of raw coal. 


Figure 20: 
Relation of man-hours per ton of raw coal produced to the thickness of 
the coal bed (or portion of bed mined) for labor employed at the face on mobile 


loading units and total labor employed underground for mines not extracting 
pillars. An example of the man-hours required to produce a ton of coal in 4 
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MAN-HOURS PER TON 


20 40 60 80 100 120 
THICKNESS OF BED, INCHES 


Figure 23. - Relation of man-hours per ton of raw coal to thickness of 
bed. Pillars extracted. Conveyors. (Man-hours computed 
from full 7-, 8, or 9-hour shifts.) 


Google 


RAW COAL PER HOUR, PER UNIT, TONS 


20 40 60 80 100 120 
THICKNESS OF BED, INCHES 


Figure 24. = Relation of tons of raw coal loaded per mobile 
loading unit per hour to thickness of coal bed. 
Pillars extracted and pillars not extracted. 
(Tons per hour computed from full 7-, 8-, or 
Q9-hour shifts. ) 
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bed 72 inches thick, using mobile loading machines, where pillars are not ex- 
tracted, follows: 


Man-hours 


per _ton 

Total labor underground, raw coal wecocseoee 0.5 
Surface labor, raw coal @eeeseeooesvseaoeanvevo0e2ee8c808 00802 @ daly 
Total labor, raw coal @eeeoseaoeeveevoeeeoeev eee ev ee @ otk 


Total labor, clean Coal ..seeeccccccceececes 2/84 
Add 10 percent for idle time ..ccccccccccvce ~O9 
DOCAL: LADOM 66a 6-0 Wiss 06 6 bre were 0000 ww SSS 93 
1/ Weighted average surface labor, in man-hours, for 
mines studied. 
2/ Estimated average refuse at cleaning plant, 15 per- 
cent of raw coal. 


Figure el: 


The relation of man-hours per ton on mechanized units using mobile load- 
ing machines to thickness of coal bed at mines practicing pillar extraction and 
at mines where pillars are not extracted. These curves show that man-hours per 
ton at the face are higher at mines where pillars are extracted than where pil- 
lars are not extracted. The difference in man-hours per ton increases as the 
thickness of the coal bed increases and ranges from 0.09 man-hour per ton fora 
bed 42 inches thick to 0.21 man-hour per ton for a bed 120 inches thick. Roof 
control generally is a greater problem where pillars are extracted, and the 
difference in man-hours per ton shown on the curves is due to additional time 
spent in timbering to protect the roof in operating sections. More men are re- 
quired to set timbers where beds are thick than where thin beds are mined. 


Figure 22: 


The relation of man-hours per ton for total underground labor using 
mobile loading machines to thickness of coal bed at mines practicing pillar ex- 
traction and at mines where pillars are not extracted. Total labor employed 
underground ranges from 0.22 to 0.25 man-hour per ton more at mines extracting 
pillars than where pillars are not extracted, 


Figure 23: 


Relation of man-hours per ton of raw coal produced to the thickness of 
the coal bed (or portion of bed mined) for labor employed at the face on con- 
veyor units, and total labor employed underground for mines practicing pillar 
extraction. An example of the man-hours required to produce a ton of coal in 
a bed 42 inches thick, using conveyors and extracting pillars, follows: 

Man-hours 
per_ton 
Total labor underground, raw coal ..csocece 1.0 
Surface labor, raw CO] .cccccccccsccccvece 1/.20 
Total labor, Taw COA] wecccccccccevevcces 1.2 
See footnote at end of table on following page. 
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Man-hours 


er ton 
Total labor, clean COBl cececcccccccvcceece 271.46 
Add 10 percent for idle time ..ccrecccccoee 15D 
Total Lador wcccccevecvvcvcccccccvcsccece 1.61 
1/ Weighted average surface labor, in man-hours, for 
mines studied. 


2/ Estimated average refuse at cleaning plant, 15 per- 
cent of raw coal. 


Figure 2): 


Relation of tons of raw coal loaded per mobile loading unit per hour 
to thickness of coal bed at mines practicing pillar extraction and at mines 
where pillars are not extracted. These curves show the small difference in 
coal loaded per hour in pillar extraction and where pillars are not extracted. 
This difference is about 2 tons per hour for all bed thicknesses. For exan- 
ple, in a 72-inch bed production per loading machine per hour, where pillars 
are extracted, will be about 7 percent less than in mines where pillars are 
not recovered. 


Figure 25: 


Relation of tons of raw coal loaded per conveyor per hour to thickness 
of coal bed at mines practicing pillar extraction. Only a few conveyor opera- 
tions where pillars were not extracted were studied, but the little information 
obtained indicates that the production per conveyor per hour is about the same 
whether pillars are or are not extracted. 


GENERAL CONCLUSIONS 
1. Roof Control. 


This study indicates clearly that the most difficult problem encountered 
in extracting pillars with mechanized equipment is the effective control of not 
only the immediate roof but the entire overlying strata. The speed and regu- 
larity with which pillars are extracted help to obtain regular breaks in over 
lying strata along established pillar lines, thus relieving the weight at the 
coal faces. Many mines take advantage of natural cleats in roof rock to obtain 
frequent and systematic roof falls. Although roof-control problems in coal 
mining have been studied for many years, much research remains to be done on 
roof control and subsidence. 


2. Production. 

The production per mobile loading machine is 6 to 10 percent less in pil- 
lar mining than where pillars are not recovered. Production per conveyor per 
hour seems to be about the same in pillar and non-pillar mining. 

3. Costs. 


Studies show that labor employed underground at mines using mobile load- 
ing devices ranges from 0.22 to 0.25 man-hour per ton more in pillar mining 
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than in non-pillar mining. However, there are other factors that tend to off- 
set this higher labor cost. Some of these are: 


a. Smaller initial capital investment per ton in shafts, slopes, 
surface plants, haulage and airways, track, trolley, and power-transmission 
lines, because greater tonnages are recovered from the areas mined, 


b. More tons recovered per acre; therefore, less depletion per ton, 
and where high real estate taxes on land owned over a period of years have 
been paid the tax cost per ton of coal produced will be less. 


4, Percentage of recovery. 


The benefits in the conservation of a valuable natural resource through 
the practice of pillar extraction are obvious. This is particularly important 
to the country's economy in areas of high-quality coals that are suitable for 
metallurgical or special purposes other than steam or space heating. It is 
claimed by some that the transition from hand-loading to mechanical loading 
was accompanied by lower percentage of recovery in mines practicing mechanized 
Mining. This is not borne out at the mines studied, where mechanical extrac- 
tion of pillars is practiced. The tendency to more nearly mine the entire 
thickness of the coal bed is increasing, and the over-all percentage of coal 
recovered has been increased by the introduction of mechanical cleaning. Mine 
46 is a good example of increased percentage of recovery over hand methods. 
Under hand-loading methods, selective mining was practiced and only 58 inches 
of the bed was mined. The portion mined was 59 percent of the 99-inch total 
thickness. At present, the entire bed is mined, and the percentage of recov- 


ery has been greatly increased, 


The practice of extracting pillars increases the percentage of recovery 
of coal in a given area, and if more mines can be encouraged to adopt this 
practice the over-all percentage of recovery in coal mining will improve. 
Therefore, the study of extraction of pillars with mechanized equipment is of 
paramount importance in the conservation of a valuable natural resource and 


will be continued. 
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